What is Logo? 



Logo is a computer language which was 
developed to provide an environment 
which allows learning to take place as 
naturally as possible. Seymour Papert and 
his colleagues at Bolt Beranek and 
Newman and later at MIT set out to create 
a computer language which would com- 
bine the capabilities of artificial intel- 
ligence with the theories of Jean Piaget in 
order to allow a learner to build his own 
intellectual structures through estimation, 
interaction, experience and revision. 

The Logo language is designed to pro- 
vide an environment in which the child/ 
learner is in charge of 

• Setting a problem to solve. 

• Making choices. 

• Playing with the problem, experimenting 
and trying out solutions. 

• Building on what he has already done to 
do something more. 

The language is interactive. You learn it 
at the computer. After working with a 
problem for a while, you edit it, revise it, 
and then play your next steps. 

With Logo, a young learner can enter 
directly into the world of turtle geometry. 
Without memorizing formulas, he can 
create procedures for drawing squares, 
triangles, and circles. 

This is unlike my own experience in 
geometry. I learned geometry in high 
school only because 1 was required to take 
the course as preparation for college. 

Geometric thinking is possible now for 
any learner without a series of pre- 
requisites. At the Lamplighter School in 
Texas, three year olds have used Logo to 
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explore turtle geometry. And MIT 
students use the concepts of turtle 
geometry used in Logo as a way to explore 
mathematics. 

Seymour Papert is often quoted as say- 
ing that "Logo has no threshold, no ceil- 
ing/* 1 have heard it said that Logo is a six 
year old's dream and a computer scientist's 
nightmare. Logo makes complex explora- 
tions possible for learners of all ages, with- 
out imposing artificial hurdles. 



With Logo, a young 
learner can enter 
directly into the world 
of turtle geometry. 



How does a child explore turtle geom- 
etry? It is really quite simple. Every child 
knows how to move from one place to 
another. Using his own experience in walk- 
ing, a child "teaches" the turtle to move 
across a computer monitor leaving a trail 
or line to create a drawing. 

Let's call our learner Wendy. Her first 
experience might be something like this: 

1 . She decides to experiment by drawing 
a square. 
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2. She paces a square on the floor to 
notice how she draws it. 

3. She remembers how she did it and 
types a set of commands to the turtle which 
might look like this: 

FORWARD 25 (no, not far enough) 
FORWARD 25 (okay, that's enough) 

RIGHT 40 (oh, that wasn't what I meant 
at all, let's try more) RIGHT 40, (well 
that's not it, try again) RIGHT 10 (that's it) 

(let's see, what was it,) FORWARD 50 

RIGHT 90 

FORWARD 50 

RIGHT 90 

And so on until she has a square. With 
that accomplished, she can simplify the 
steps and teach the computer to do it by 
shifting to the edit mode. What shall the 
name of this procedure be? 

Very often a student will name it with 
her own name, typing: 

TO WENDY 
FORWARD 50 
RIGHT 90 
FORWARD 50 
RIGHT 90 
FORWARD 50 
RIGHT 90 
FORWARD 50 
END 

The turtle will then "know" how to 
WENDY, and will execute a square every 
time the command WENDY is typed. 

Now Wendy can enjoy playing with the 
procedure WENDY, and will probably 
type it over and over for the pleasure of 
watching the turtle "know" how to 
WENDY. The second WENDY will be 
drawn in a screen position which will 
surprise her, and our new Logo user will 
immediately type WENDY again just to 
see what happens. At the end of four 
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What is Logo, continued... 

WENDYS, there is a new design which 
can be taught to the computer as a pro- 
cedure containing the subprocedure 
WENDY. It looks a bit like a window, so 
^H^dy can type: 
WINDOW 

WENDY 

WENDY 

WENDY 

WENDY 

END 

or 

TO WINDOW 
REPEAT 4 (WENDY) 
END 

Wendy has started the process of 
Figure 1. Wendy. 




So it is with this first turtle drawing: 
Suddenly the Logo user is part of the 
world which assigns airplane reservations, 
cashes checks, and launches space shots. 
This is a world of power, which has in this 
first lesson become part of Wendy's own 
learning continuum. The process is in- 
trinsically motivating and fascinating. 

As every person can learn to use a pencil, 
everyone can — and will — learn to pro- 
gram a computer. 

Projects by New Users 

I think that it is important to look at 
some examples of tasks that some real 
students have set for themselves as 
problems to solve when beginning to learn 
Logo and to use a computer. 



Figure 2. Window 




My purpose is to demonstrate the many 
working styles and interests which Logo 
can support. These students were in my 
classes in Amherst and Cambridge, MA 
and were between the ages of 8 and 17. 

After several class sessions in a hands- 
on laboratory, I often suggest to my 
students, "See if you can make the turtle 
draw your initials." Many try the project, 
seem to enjoy the challenge, and then go on 
to some other experiment. 

Two students, Ted and Stella, were 
working side by side, and became com- 
pletely absorbed in drawing letters. Each 
determined to create a complete alphabet. 

Ted immediately wrote a procedure to 
produce the whole alphabet, before creat- 

Figure 3. Rosewindow. 




^^earning to control the turtle. 

sing the computer as a tool, 
^^eaching the computer to execute an 
original idea and naming it. 

• Noting the steps she used in order to 
save them as a procedure. 

• Using the procedure as a subprocedure 
in her second procedure. 

She has started to create her own computer 
language. 

Taking the same example one step 
further, our new Logo user, in playing with 
WINDOW, may quickly discover that by 
using the procedure WINDOW and then 
rotating the turtle's position slightly a new 
design is. made that holds a shape which 
begins to approximate a circle. This ex- 
periment can be formalized by typing, 
for example, 

TO ROSEWINDOW 

REPEAT 9 (WINDOW RIGHT 10) 

END 

As in all learning, the first job is to learn 
to control your tool. If you are using a 
pencil, you must practice holding it. 

Your first written word may be your 
own name, which is a profound word to 
the writer. It permits you to show owner- 
ship, authorship, borrow library books, 
^ign a check and send a greeting card 
M| ough the mail. It is still a long jump to 
%Writing a dissertation or even applying for | 
a job. However that one word puts you 
into the powerful world of words which | 
make up magazines, recipes and phone 
books. 
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What is Logo, continued... 

Figure 4. T. 




ing the individual letters. It looked like 



this: 



TO ALPHABET 
A 

DRAW 
B 

DRAW 
C 

DRAW 



END 




Listing 1. Time. 



ABC 



Ted then began the long process of 
creating procedures to draw each letter in 
turn After his alphabet was completed he 
was dissatisfied with the amount of time 
each letter was displayed on the screen. He 
began to work on the more complex pro- 
gramming problem of creating something 
for the computer to do invisibly so that the 
letter on the screen could continue to be 
displayed for a longer period. This was a 
natural extension of his alphabet pro- 
cedure. 

Stella started out to solve what ap- 
peared to be the same challenge as Ted's. 
During the process, she became fascinated 



TO WAIT :T 
IF |T m O STOP 

WAIT :T - 1 
END 

TO TIME :HH : MM 
TEST :SS • 60 
IFT MAKE "SS : SS 
IFF MAKE "SS : SS 
TEST : MM ■ 60 
IFT MAKE "MM : MM 
TEST :HH « 12 
IFT MAKE "HH : HH 
WAIT 200 
PRINT CD 

( PRINT :HH :MM_:SS > 
: HH : MM : 



- 60 TIME : HH ( : MM + 1 > : 



4» 5 



- 60 TIME < IHH «%1 > s MM : 

- 11 



"FALSE is 1 
"TRUE is 1 



by the proportions of height and width 
and how a variable input could change 
the relationships represented graphically. 

The qualities of the computer which 
allowed her to experiment with inputs and 
then provided her with an almost instant 
reformulation of her letters heightened 
her excitement as well as her understand- 
ing about one way a computer could 
extend her thinking. 

She began to collect patterns for mono- 
grams and initials which might make 
interesting designs on stationery. H cr 
classmates used her program to think 
about embroidering on denim. For her 
final project, Stella created an art show 
using Logo procedures. 

In one of the first Logo classes, Mark 
and Suzy became a working team. Mark 
seemed to need to be admired for his pro- 
gramming prowess and Suzy was reluctant 
to touch the computer. 

This combination worried me because 
it seemed to reproduce the stereotyped, 
and I believe harmful, pattern of the way 
men and women relate to technology. 



This twosome often seemed to have 
private jokes and to direct gestures toward 
classmates. Although 1 felt uncomfortable 
and wondered whether 1 should intervene, 
their classmates paid them no attention. 

In the meantime, 1 watched and thought 
about them whenever 1 had a second to 
spare from this demanding programming 
class. 1 was aware that none of my sug- 
gestions had been accepted by either of 
them. While Mark was actively executing 
his ideas, Suzy admired, and I waited. 

Then one day the duo split, each needing 
a computer to work on. 

Mark was inventing a clock. It was a 
digital clock. The person using his pro- 
gram could type in the hour, minute and 
second and could then watch time move in 
five-second increments. His ability to 
capture some essence of time was satisfy- 
ing to him, and truly mystifying to his 
classmates. Mark told them that his pro- 
gram was simply an approximation of 
time as is the time that all clocks keep. 

Listing 1 shows how his program looked 
after a solid week of programming. 



Figure 5. 
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His program does have some "bugs 
which he has probably solved by now. One 
is the matter of conversion; the seconds 
dq^^convert to minutes after the num- 
b M reached. This was not discourag- 
inPPMark. This was the next part of his 
program which needed attention in order 
to make it work better. 

On the other side of the classroom. Suzy 
sat at a computer alone. At first she 
seemed to me to be immersed in a science 
fiction book. As 1 moved nearer. 1 saw that 
she was using the science fiction book as a 
reference for her work. She was working 
with an intensity I had not seen previously. 

Between footstamps and fistshakes at 
the computer she was creating a science 
fiction book. She had discovered that the 
computer could print words. Linking her 
interest in reading science fiction with her 
limited knowledge of microcomputers, she 
had started on her first self-initiated 
project. She organized the procedures 
shown in Listing 2. 

As the course ended, Suzy was beginning 
to experiment with turtle geometry to 
illustrate each chapter. My next steps for 
Suzy were to teach her how to save pictures 
drawn on the video screen, and to intro- 
duce her to the Logo text editor. 

Suzy shared her project with her class- 
mates during the last day of class. The 
science fiction aspect captured their 
— finations, and they demonstrated 
-line interest in her work, 
^ith our visions of what is possible for 
a Logo user to accomplish, Suzy's example 
may not seem dramatic. I include it be- 
cause 1 believe we often push students to 



Figure 6. Door Through Time. 





go too fast and forget the value of allowing 
a person to set his own goals. I do not 
believe that Suzy would have started 
sooner if I had structured the lessons dif- 
ferently; she needed a period of watching 
to get herself ready. 

One visually oriented student spent 
many class periods creating drawings, 
saving his pictures directly on his disk 
without writing procedures. Jamie planned 
color and line relationships carefully and 
gave names which suggested to me the 
dimension of fantasy the computer offered 
him. 

While classmates often gave pictures 
and procedures single letter names to avoid 
laborious typing, Jamie was content to 
take the time to type "Door Through 
Time," "Sparkle in the Night," "Ex- 
perience in the Fifth Dimension," delight- 
ing classmates with his naming as much as 
with the pictures. 



Listing 2 Science Fiction. 



TO MARS 
PRINT CA PRINCESS OF MARS 3 
PRINT CTHE GODS OF MARS 3 
PRINT CTHE WARLORD OF MARS 3 
PRINT CTHUVIA,MAID OF MARS 3 
PRINT CTHE CHESSMEN OF MARS 3 
PRINT CTHE MASTERMIND OF MARS 3 
PRINT CA FIGHTING MAN OF MARS 3 
PRINT C SWORDS OF MARS 3 
PRINT E SYNTHETIC MEN OF MARS 3 
PRINT CLLANA OF GATHOL3 

PRINT CJOHN CARTER OF MARS 3 nRDER 

1 EDGAR H R ^CE ^URROUGHS aShK OF* THE FAHEQUS 
TAR Z AN BOOKS 3 
END 

TO DRAGONS 
PRINT C DR AGONFL I GHT 3 
PRINT C DRAGONQUEST 3 

PRINT EtH IS ^ S T THE R SoNRIOERB OF RERN TRILOGN 
BY ANN MCAFFERY3 

END 



Another example of the way an in- 
dividual entered the Logo environment or 
"mainland" is Jim. He simply started 
experimenting with the turtle. 

He drew a shape which he later named 
"slot" because it looked like one. This slot 
with its circular ends and straight line 
connections intrigued him. During a series 
of lab periods, interrupted by several other 
projects, he progressed to "tslot" which 
added color and assumed a new position 

on the screen. 

Next he played with variable inputs in 
order to experiment with size relation- 
ships. His moment of astonishment came 
when he discovered that the formula for 
a circle which he had memorized was 
approximate. 

Jim was a serious student, and he often 
borrowed the Logo manual to read for 
homework. This provided him with many 
ideas about Logo primitives which might 
enable him to write more complex pro- 
grams. He took himself beyond turtle 
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What is Logo, continued. 



geometry to write an interactive program 
which enabled the user to choose a polygon 
^kth any number of sides of user-specified 
^Higth for the turtle to draw. 
^^This project of Jim's pushed my pro- 
gramming ability, for I, too, was a new 
Logo user. I would often take my back-up 
copy of his disk home to work out various 
ways to solve, his programming problems 
and bugs. After inventing or getting my- 
self help with possible solutions or simpler 
examples, 1 created a new file called HELP 
to provide him with examples of possible 
solutions to his problem. 

Jim, being an independent thinker, 
would study the examples in my HELP 
file, then say thoughtfully, "No, I don't 
■ believe that I want to do it that way," and 
continue with his own exploration and 
problem solving. 1 did notice that some of 
the HELP ideas found their way into his 
programming, and most of the inventions 
remained Jim's own. 

At the end of the session, Jim was still 
working on centering his polygons above 
the text, and I had begun to use a HELP 
file with other students. 






My first task was to 
invent a computer 
culture. 



My last example is Manual. 1 have no 
file for his work. He was the class con- 
ceptualizer. He had started using com- 
puters because he enjoyed the fast action 
and energy of video games. He knew 
what would make an exciting program. 
Manual would strike up a conversation 
with a likely programmer describing an 
idea for a program. The talk continued as 
the other student moved toward a com- 
puter and started working out Manual's 
ideas. When Manual was satisfied that the 
person was "hooked" on the idea, he re- 
treated and started another person on 
another idea. 

I have Manual to thank for the work I 
do in the middle of the night, figuring out 
how to make a ball-shaped turtle appear to 
"bounce" off the edges of the screen. 

These stories offer examples of the many 
ways in which students can explore a com- 
puter environment using the Logo 

Language. 

Perhaps I've made it sound as if it "just 
happens." Because Logo permits a student 
to discover in a manner which is natural to 
the learning process it may appear that I 
have undervalued the teacher's role. Now 
we will look at some of the ways I have 
come to think about my role as teacher in 
a Logo classroom. 

The Teacher's Role 

Every computing class I have led has 
been made up of students with a wide 



variety of experience and knowledge 
about computers. Some students have 
never seen a real computer. Some may 
even be certain that the computer is the 
enemy of humanity and spend energy 
directing prejudicial comments toward it. 
Other students may own their own com- 
puters, belong to "user's clubs" and have 
been programming for years. 

This situation in itself was somewhat 
unnerving to me. 1 had made a commit- 
ment to myself to become knowledgeable 
about Logo and instructional uses of com- 
puters in order to integrate this tool into a 
school curriculum. I was determined to 
create a relationship between the current 
computer revolution and life in school. 

1 had no models. 1 had never used a 
computer nor seen any person other than 
my husband use one. My first task was to 
invent a computer culture. This culture 
needed to be able to support all the 
students and me as a learner alongside 
them. 

Any teacher's first job is to assess the 
situation and equip himself with: 

• Knowledge 

• Experience 

• Hardware 

• Time 

We must examine our own attitudes 
about computers in our society, ac- 
knowledge the areas creating distress and 
identify the areas bringing optimism. 

As Logo teachers our roles will cover a 
diverse, and perhaps uncomfortable range 
including demonstrator, teacher/ lecturer, 
teller, time structures problem setter, 
management solver, arbitrator, decision 
maker, challenger, helper, collaborator, 
process sharer, question asker, idea ex- 
tender, observer, documenter, admirer, 
enjoyer, time provider, technician, and 
model learner. 

1 require each student to keep a journal 
of process notes, questions and descrip- 
tions of problems encountered. I read these 
regularly and respond. 

In response I might write a comment 
which is similar to an oral response, "That 
sounds frustrating,"; "Wow! You figured it 
out!"; "I'd like to see how your procedure 
works*"; "Jim figured out how to do a 
similar problem, why not ask him for help 
next time?"; "I don't know the answer to 
this question, let's get together after school 
and visit the computer store." 

The journals provide a valuable vehicle 
in which to keep track of progress and to 
allow patterns to become visible. Often 
simply describing a problem will allow a 
student to understand it more fully, and 
thus be able to solve it. Journals provide 
direct access to help. They enable students 
to formalize their own thinking. 

The journals provide me with a sense of 
being in charge, of knowing what is going 
on, and, a means of keeping records of 
student work. They provide an opportun- 
ity for a personal relationship with each 
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student on a daily basis. Since I am also 
learning Logo, the journals provide me 
with a sense of comfort; 1 can see what I 
need to learn, and decide what my own 
homework will be. 

Beyond this, the journals provide both 
the students and me with an assurance 
that this is a collaborative learning ex- 
perience, and that I am working with them. 
Confidence about this allieviates, I believe, 
for both the students and me the sense of 
anxiety which might otherwise be present 
in teaching and learning this subject. Most 
educators agree that anxiety interferes 
with learning. 

As a Logo programming teacher, it is 
my job to make back-up copies of all my 
students' disks in order to protect the 
students from work loss due to damage or 
filing mistakes and to enable me to see the 
patterns in the work of individuals so 1 
can plan my next formal lesson for the 
class. 



Journals provide direct 
access to help. They 
enable students to 
formalize their own 
thinking. 




I can collect small groups of students 
around a common interest or pro- 
gramming problem. Sometimes 1 will ask a 
student to share some work with the 
whole group as a teaching example or as 
a model. By examining the work on the 
back-up disks I can also determine 
whether a programming problem should 
be solved with a "gift" of a tool which the 
programmer is probably not yet ready to 
invent on his own. (Some tools 1 have 
given include procedures for creating 
circles, explosions, and countdowns.) 

The disks give me time to work on pro- 
gramming problems by trying the pro- 
gram, and trying several solutions, away 
from the stress of a class period. Inevitably 
the disks force me to think about my own 
next learning steps. 

During the actual lab time 1 wander, 
watch, listen, and answer. 

1 feel that the words I use are important. 
Instead of solving a problem for a 
youngster by telling or showing the solu- 
tion immediately, 1 usually say: "describe 
the problem," "Tell me what happens", 
"What did you want to have happen?"; or 
"Try it now and show me." Some teachers 
ask the student to "Teach me what you 
did." 

This type of response is important for 
several reasons. 

• It gives me, as teacher, time. 

• It gives the student time. 
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What is Logo, continued... 

• Description is a matter-of-fact task 
which can diminish emotion and allow 
^the describer to see what actually hap- 
pened clearly. (Frequently in the middle 
Wof describing, a student will say "Oh, 
never mind, 1 see what t did.") 
If after a student has described the prob- 
lem and neither of us knows how to solve 
it, we write a plan together in plain English 
words. It includes a statement describing 
what the student wanted to have happen. 
Usually when a solution is not clear to 
either of us, we are working with an 
example which is too difficult for us. We 
substitute a simpler problem "for prac- 
tice." 

Then, together we write a superpro- 
cedure in the same way that Ted wrote one 
for his alphabet, before he had invented the 
subprocedures. I make very sure that the 
first step in the procedure is one that the 
student and I can solve successfully right 
then. 

Other jobs for the teacher include col- 
lecting, displaying and identifying re- 
sources. 



I have rarely seen a 
computer which is not 

surrounded by a group 

^^interacting with it and 
kibbitzing with each 
other in a most 
congenial way. 



I use bulletin boards to stimulate the 
learning process. I might post a weekly 
"Mystery Procedure," a new command 
with its definition and examples of its use, 
a challenging programming idea, a pro- 
cedure to copy, a picture of a student's 
procedure, or a chart of students' names 
indicating their specific areas of expertise 
in order to make peer tutoring possible for 
every student. Sometimes I post an inter- 
active program for students to copy, use, 
then modify and make their own. 

* 

Creating a Supportive Community 

The computer community which we 
establish in our classrooms is for many 
students (and teachers) a first computer 
culture. As educators, we must be con- 
cerned about the values which are formed 
M ^nd used by this community of learners. 

Many question my use of the word 
^^'community" in connection with com- 
puters. However, 1 have rarely seen a com- 
puter which is not surrounded by a group 
interacting with it and kibbitzing with each 
other in a most congenial way. 

Most computers are a social and an in- 



tellectual center in a classroom unless 
usage is specifically regulated otherwise. 
Watchers see new ways to solve problems, 
participate in brainstorming new ideas and 
derive a great deal of pleasure from the 
process. 

Teena Crowley, a third grade teacher, 
said, "I wish Logo were everyone's intro- 
duction to community work. Everyone is 
involved and offers input from the start." 

Usually during a first class with a group I 
find it important to declare myself a Logo 
learner as well as a Logo teacher. I do it 
because it is honest and because it estab- 
lishes a basis for collaboration. The 
responsibility for helping and teaching 
and creating this class belongs to all. It is 
an ideal opportunity for me to model the 
motto "Life Long Learning," certainly an 
important part of any curriculum. 

Many issues emerge in the establishment 
of a Logo community. One of the first is 
the issue of ownership of procedures. Is 
it copying or stealing to save work which 
did not necessarily originate from the 
saver's own inspiration? 

The nature of Logo filing and saving 
makes it almost impossible for beginning 
users to keep separate files, and so from 
the first time SAVE is typed, a file of 
mixed-up origin exists. 

I prefer to be excited by the pos- 
sibilities of this "sharing" rather than 
regret it as a necessary "evil." I legitimize 
the sharing, giving, changing, and using of 
one another's procedures as part of the 
context of the community we are creating 
together. 

I share my work with my students and I 
encourage them to exchange procedures 
among themselves. 

Classes soon begin to create a vocab- 
ulary specific to their community. In one 
class a procedure named WING — basic- 
ally an outwardly spirally triangle which 
appeared to fly across the screen — be- 
came a favorite expression for a way of 
moving quickly across a space with arms 
rotating rhythmically. This reference point 
created a sense of cohesion and inclusion 
among classmates and added a dimension 
of good-natured humor. 

I credit some of my success in creating 
a supportive community to my insistence 
that part of the experience in computer 
class is participating in discussions about 
ethical and responsible computer use. 

I am genuinely worried about how our 
society makes decisions about computer 
use. I make clear to my students that com- 
puters are surrounded by a human culture 
with developed values and a sense of 
conscious choice about their use. 

I believe that one way people develop 
into responsible, rational human beings is 
by participating in discussions about 
dilemmas with peers. 

I often start a discussion with a simple 
story. Ideally, it describes an issue which 
is real or potential issue for this class, with- 
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out embarrassing any group member. 
Once I told about a filing mistake I made 
when making a back-up copy of Ted's 
alphabet. Half the procedures for creating 
letters disappeared through my mistake. I 
had to tell him what I had done to his work, 
and how sorry I was to have made such a 
silly and harmful mistake. 



Part of the experience 
in computer class is 

participating in 
discussions about 
ethical and responsible 
computer use. 



A 20-minute period of sharing of mis- 
take stories followed. No one was required 
to talk, but all class members were ex- 
pected to participate by being part of our 
circle. The rules also prevented comments 
or judgments being directed towards any 
person or point of view. Discussion was 
encouraged. 

Other issues which have worked for dis- 
cussions in my classes are: 

• Scheduling of computer use. 

• What about someone who doesn't take 
a turn? 

• Is it okay to borrow disks, copy disks, 
change disks? 

• What about using "bad" or "dirty" 
words to name procedures? 

• Should all schools have computers? 

• Should all kids have to learn to program 
a computer? 

• Why would a girl want to use a com- 
puter? 

• What kinds of information should a 
school computer keep? 

• Is it possible to have a really "private" 
computer file? 

• What are some ways computers work 
in our lives? 

• How can I get my family to value my 
programming instead of dismissing me 
as a "brain'"? 

The discussion which touched me the 
most deeply was requested by my students 
at the end of a summer school session. The 
subject was: now that we know so much 
about computer programming, how can 
we help our teachers feel comfortable 
knowing less than we do, so we can have 
computers in schools? 

Beyond these ways of thinking about 
structuring a class and a curriculum, there 
are many opportunities for collaborative 
programming. One teacher has helped her 
students create a class adventure game 
using Logo. 

The class planned the rooms, and then 
pairs or individuals created the procedures 
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to make each room. Her role was to set up 
the structure and aid in the process of 
linking. 

Harold Abelson's manual for Logo 
jves many examples of interactive pro- 
^ ams which can be enjoyed by a class. 
Many teachers are using it to create their 
own programs for guessing numbers and 
creating crazy sentences. 

Dan Watt's work creating curriculum 
for a dynamic turtle which moves accord- 
ing to laws of physics is interesting to use 
and then modify. 

A great need exists for all Logo teachers 
to share their emerging curricula. This will 
enhance our collective understanding and 
provide more models about the ways 
students can work within a Logo environ- 
ment. 



What Logo Teachers Say They Teach 

• Computer literacy. 

• The history and learning theory in Logo. 

• How to program a computer-like char- 
acter, a turtle robot or Bit Trak. 

• Controlling a turtle on a screen. 

• How to pace out shapes and then teach 
the turtle to draw shapes. 

• How to change pencolors and back- 
ground colors. 

• How to edit. 

• How to initialize a disk. 

• How to draw initials. 

• How to use repeat. 

• How to use subprocedures in pro- 
cedures. 

• How to use recursion. 

• How to read a print-out of programs. 



• How to draw procedure trees. 

• How to use variables. 

• How to use the Logo Manual. 

• How to manage files and clear the work- 
place. 

• How to use existing interactive pro- 
grams and modify them. 

This simple and straightforward list 
may be more or less what you expected. 
However when 1 ask my Logo students, 
whether school children or professional 
educators, what they learned in Logo class 
the list is quite different — fuller and 
more profound. 

What Logo Students Say They Learn 

• About problem solving and estimation. 

• About thinking and learning styles. 




This person used to 
develop applications 
for the 8086/8088 
market with the 
best of them. 
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• About how to use their own learning 
style. 

• To think logically. 

work without emotional manipula- 
M m\s: the computer doesn't care whether 
^pfu feel angr\. 

• To use procedural thinking. 

• To use strategies for problem solving. 

• To become comfortable thinking math- 
ematically. 

• To be able to think geometrically. 

• To be able to consider laws of motion. 

• About language by creating my own sys- 
tem for naming procedures. 

• About graphics and design. 

• How important revision of procedures 
and text is, and how simple it is to do. 

• That decimals are useful. 

• How to type. 



• How to be patient. 

• How to take risks in working. 

The most significant things they claim 

to have learned include: 

• Looking at their own mistakes with an 

interest in understanding what happened 
instead of shame. 

• Feeling competent in setting their own 
problems and supported in solving them. 

• Understanding that learning and doing 
involve frustration and ease; they go 
quickly or slowly, parts are intriguing or 
boring, and this is what makes up all 
work and life. 

There is no question in my mind that 
working with computers is one way of 
forming a direct link with a sense of the 
future. Computers can provide a sense of 



optimism, new frontiers to be explored, 
and a kingdom to be conquered. 

Logo was developed to create an inter- 
active environment, a mathland. in which 
students could set their own pace, prob- 
lems and goals. It is a comfortable way for 
me to enter the future. It is a challenging 
way and it is a way that I can understand, 
choose and control. □ 





This person 
used to develop 
applications for 

the Z-80 market 
with the best 
of them. 
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Why Logo? 

Logo is designed to encourage development 

of problem-solving skills. 



Logo is a language for learning. 
That sentence, one of the slogans of 
the Logo movement, contains a subtle 
pun. The obvious meaning is that 
Logo is a language for learning pro- 
gramming; it is designed to make 
computer programming as easy as 
p^fcle to understand. But Logo is 
a^i language for learning in gen- 
eral. To put it somewhat grandly, 
Logo is a language for learning how 
to think. Its history is rooted strongly 
in computer-science research, espe- 
cially in artificial intelligence. But it is 
also rooted in Jean Piaget's research 
into how children develop thinking 
skills. 

In a certain sense, all programming 
languages are the same. That is, if 
you can solve a problem in one lan- 
guage, you can solve it in another — 
somehow. What makes languages dif- 
ferent is that some types of problems 
are easier to solve in one language 
than in another. Language designers 
decide what kinds of problems their 
language should do best. They then 
make design choices in terms of those 
goals. 
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Logo as a Programming Language 

Let's postpone for a while the 
broader educational issues. First, 
we'll consider Logo simply as a pro- 
gramming language. How is it similar 
to other languages; how is it dif- 
ferent? Syntactic details aside, there 
are several substantial points of lan- 
guage design through which Logo can 
be compared to other languages. 

Logo is procedural- A programming 
project in Logo is not written as one 
huge program. Instead, the problem 
is divided into small pieces, and a sep- 
arate procedure is written for each 
piece. In this respect, Logo is like 
most modern languages. Pascal, 
APL, LISP, C, and even FORTRAN 
permit the division of a program into 
independent procedures. Among the 
popular general-purpose languages, 
only BASIC lacks this capability. 
(The sample Logo programs in this 
article are written in Apple Logo, a 
dialect written by Logo Computer 
Systems Inc. Other versions of Logo 
will be slightly different in details.) 

Consider the Logo program in list- 
ing la. Even if you don't know any- 
thing about Logo, it's probably ob- 
vious what this pair of procedures 
does. Compare it to the BASIC ver- 
sion in listing lb. 

The GOSUB construct in BASIC is 
weaker than a true procedure capa- 
bilitv in several ways. For one thing, 



the BASIC subroutine is not an inde- 
pendent program; if line 100 were 
omitted, the program would "fall in- 
to" the subroutine. More important, 
there is no concept in BASIC of in- 
puts to procedures, like QUESTION 
and ANSWER in the Logo program. 
Instead, extra statements must be 
used to assign values to the variables 
Q$ and A$, explicitly. 

This explicit assignment is not 
simply an inconvenience. It means 
that the main part of the program has 
to "know" about the inner workings 
of the subroutine. In the Logo ver- 
sion, the procedure named QUIZ 
knows only that the procedure OA 
has two inputs, a question and an 
answer. If OA were modified to use 
different names for the variables, 
QUIZ would still work. Similarly, 
although this particular example 
doesn't show it, Logo procedures can 
have an output that is communicated 
to the calling procedure. (The DEF 
statement in BASIC provides a 
limited version of procedures with 
outputs; the limitations are that the 
inputs and outputs must be numbers, 
and the definition must be a single 
line without conditional branching.) 
Logo is interactive. Like BASIC, but 
unlike Pascal, Logo lets you type in a 
command to be carried out right 
away. It's also quick and easy to 
change one line of a program. Other 
interactive languages are LISP and 
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,, „ ,j a A sir Each program asks the same set of three 
Listing It Comparison of Logo md B *j£' ^ ummr , /„ the BASIC ver- 

questions and compares the ^ S J^V° 10 00-1U0) is not an independent 

wr^t &sra£ri — — — — - 

might concetuaWy be used by other programs. 
(la) 

SCAT'S THE BEST MOV.E EVER71 ICASABLANCA1 

St IwHO WROTE '•COMPULSORY M.SEDUCAT,0N"71 [PAUL GOODMAN, 

END 

TO OA :QUESTION : ANSWER 
TYPE :QUEST10N 

TEST EQUALP .ANSWER READUST 

END 

(lb) 

10 Q$ - "WHAT'S THE BEST MOVIE EVER?" 
20 A$ = "CASABLANCA" 
30 GOSUB 1000 
• 40 Q$ = "HOW MUCH IS 2 + 2?" 

50 AS = "5" 

n ^WHO^WROTE "COMPULSORY MISEDUCATION'?" 
80 AS • "PAUL GOODMAN" 
10 GOSUB 1000 
r i00 GOTO 9999 
1000 PRINT Q$; 
1010 INPUT R$ 

1020 IF R$ = AS THEN GOTO 1100 
1030 PRINT "NO, DUMMY, IT'S ";A$ 
1040 RETURN 

1 100 PRINT "YOU'RE RIGHT!' 
1110 RETURN 
9999 END 



a 1 

m 



APL; other noninteractive languages 
are C and FORTRAN. 

Whether or not a language is inter- 
active has an effect on its efficiency. 
In brief, program development is gen- 
erally faster with an interactive lan- 
guage, but already-written programs 
generally run faster in a language that 
is not interactive. The difference has 
to do with the mechanism by which 
the computer "understands" your 

program. 

Every computer is built to under- 
stand one particular language. This 
machine language is different for each 
type of computer. Since machine-lan- 
guage instructions are represented as 
numbers, they're not easy for people 
to read. For example, the number 
23147265 might mean "add the 
number in memory location number 
147 to the number in memory loca- 



tion 265." Programs written in a high- 
level language, including Logo and 
the other languages mentioned here, 
must be translated into machine lan- 
guage before the computer can carry 
them out. This translation is done by 
another computer program that 
comes in one of two flavors: compiler 
or interpreter. 

A Pascal compiler, for example, 
takes a program written in Pascal and 
translates (compiles) it into the ma- 
chine language of whatever computer 
you're using. The translated program 
is permanently saved as machine lan- 
guage (probably as a file on your 
floppy disk). Thereafter, the ma- 
chine-language program can be ex- 
ecuted directly. The compiling pro- 
cess takes a long time. But once it's 
finished, running the compiled pro- 
gram is very fast because it need 



never be compiled again. 

A Logo interpreter, on the other 
hand, does not create a permanent 
machine-language version of your 
program. Instead, each Logo state- 
ment is translated and executed every 
time the statement is supposed to be 
executed. The interpreter does not 
produce a machine-language repre- 
sentation of your program, but sim- 
ply carries out the machine-language 
steps itself. If a Logo statement is to 
be executed six times, it's translated 
six times. (Actually, some interpre- 
ters, including Apple Logo, save a 
partial translation of each procedure, 
so that the second execution is some- 
what faster than the first; this process 
is too complicated to explain in this 

article.) . 

Interpreted languages can be inter- 
active. Suppose you want to find the 
value of 2+2 in Pascal. First, you 
must use the text-editor part of your 
Pascal system to write a disk file con- 
taining a Pascal program. Then, you 
run the Pascal compiler, which will 
translate the program into machine 
language. Finally, you run the com- 
piled program and your computer 
types out 4. In an interpreted lan- 
guage like Logo, you can simply type 
PRINT 2 + 2 to see the same result. 

The situation in which interaction 
is most important is program devel- 
opment. If you are writing a compli- 
cated program, it probably wont 
work right the first time you try it. 
You'll have to try it, see what goes 
wrong, change the program, and try 
again. In order to see what went 
wrong, you'd like to be able to use 
interactive debugging. (You stop the 
program where the error happens ana 
type in commands to examine the 
values of variables at that moment. 
This debugging cycle may be repeatec 
many times before the program final- 
ly works completely. Even though a 
compiler might make the program 
run faster, an interpreter is likely to 
make the entire debugging process 
faster because it's so much easier to 
find and fix your mistakes. It's onh 
after the program works, and you 
want to use it every day without 
modification, that the compiled ver- 
sion is really faster. 




The flexibility and ease of use of an 
interactive language is particularly 
valuable in an educational setting. 
For a student of programming, there 
often is no production phase— the 
program is of interest only as long as 
it doesn't work. When it does work, 
the student goes on to the next prob- 
lem. In that sort of environment, the 
speed advantage of the compiler 
never materializes. In a business en- 
vironment, on the other hand, the ac- 
tual production use of a program is 
likely to be more important, which 
makes a compiler more desirable. 

Some languages use mixed 
schemes. BASIC (normally an inter- 
preted language) has compilers that 
allow the user to give up interaction 
for efficiency. Some LISP compilers 
can coexist with interpreters, so that 
| some procedures can be compiled 
while others are being debugged in- 
teractively. Some versions of Pascal 
are compiled into an intermediate 
I language called p-code, which is then 
interpreted. FORTH uses a similar 
system of partial compilation, but the 
I compiler is part of the run-time en- 
vironment, so single statements can 
be compiled and run interactively. 
Logo is recursive. In a procedural lan- 
guage, one procedure can use another 
procedure as a subprocedure to do 
part of its work. A language is recur- 
sive if a procedure can be a subproce- 
dure of itself. 

All modern procedural languages 
allow recursion. Among widely used 
languages, only FORTRAN allows 
procedures but not recursion. 
(BASIC, as was mentioned earlier, 
has neither.) It may seem as though 
recursion isn't too important. Why 
should it be any different from any 
other use of subprocedures7 It's hard 
to explain in a simple way why recur- 
sion is important. The idea behind 
recursion, though, has profound 
mathematical importance. By allow- 
ing a complicated problem to be 
described in terms of simpler versions 
of itself, recursion allows very large 
problems to be stated in a very com- 
pact form. 

A well-known example of a prob- 
lem best solved using recursion is the 
Tower of Hanoi puzzle. This puzzle 
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has a number of different-size disks 
piled initially on one of three pegs, 
with the smallest at the top. The 
problem is to move the disks onto a 
different peg, moving one disk at a 
time and never moving a disk onto a 
smaller disk (see figure 1). 

To solve this problem, first notice 
that it's very easy with only two disks 
(see figure 2a). It's easy to see that we 
have to get disk 2 onto peg B some- 
how To do that, we have to get disk 
1 out of the way. Therefore, move 
disk 1 to peg C. disk 2 to peg B, and 



Now suppose there are six disks 
(see figure 2b). Again, we have to 
begin by getting disk 6, the largest 
one, from peg A to peg B. But now 
there are five disks in the way, not 
just one. This provides us with a sub- 
problem: move five disks from peg A 
to peg C. But this is exactly the Tower 
of Hanoi puzzle itself with five disks 
instead of six! The subproblem is a 
simpler version of the main problem. 
This calls for the recursive solution 
shown in listing 2. 

In working through this program, 

bear in mind that each use of the 



HANOI procedure has its own, private 
variables; the value of NUMBER, for 
example, remains constant through- 
out any particular use of the pro- 
cedure, even though there is another 
use of HANOI with a different value 
for NUMBER in the middle. 

In addition to Logo, many other 
languages allow recursion (these in- 
clude Pascal, C, LISP, and APL). The 
style of Logo, however, encourages 
the use of recursion more than some 
other languages. C and Pascal allow 
recursion but encourage iteration. 
(Iteration means telling the computer 
to execute something repeatedly . The 
FOR. . .NEXT construct in BASIC is 
an example.) Logo is the other way 
around: iteration is possible, but 
recursion is preferred. For many pur- 
poses, neither approach is clearly 
right. Iteration is somewhat simpler 
for the situations in which it works at 
all; in some cases like the Tower of 
Hanoi puzzle, however, nothing but 
recursion will do. 

Until recently, iteration was much 
more efficient than recursion, both in 
speed and in the use of memory. A 
major advance in recent implementa- 
tions of Logo, including the versions 
available for the Apple II and the 
Texas Instruments TI-99/4A micro- 
computers, is that tail recursion is 
recognized by the interpreter and 
treated as if it were written as itera- 
tion. Tail recursion is the situation in 
which the recursive use of a pro- 
cedure is the last thing done in the 
procedure. In general, it is only tail- 
recursive programs that could just as 
easily be done iteratively. The HANOI 
procedure, for example, is not tail 
recursive because two recursive pro- 
cedure calls are in it, only one of 
which is at the end. 
Logo has list processing. Every major 
programming language has some way 
to group several pieces of information 
(numbers, for example) into one large 
unit. In FORTRAN and BASIC, this 
mechanism is the array. In Pascal and 
C, arrays are also used, along with a 
more complicated grouping called a 
record in Pascal or a structure in C. In 
Logo, the main grouping mechanism 
is called the list. 

Lists and arrays have two major 
differences. First, arrays have a fixea 



(2b) 











2- How the puzzle breaks down into simpler subproblems with similar solutions 
ngure ia Ihows the simplest solution to a puzzle involving only two disks. Figure 2b 
shows the situation when the same procedure is used on more disks. 



Listing 2- General solution to the Tower of Hanoi puzzle in Logo The program requires 
^puts^e variable NUMBER tells the program how many disks to the puzzle; the 
f oZr three Inputs are the names of the pegs. The IF statement detects the trivial sub- 
problem of moving zero disks, for which there is nothing to do 

The solution is found by dividing the problem into a series of simpler subproblerns, 
allot which can be solved by repeating a simple series of moves. First, move all but the 

third pel tin, move the bottom disk tothedestmrtion peg; and 
finally, move all but the bottom disk to the destination peg (see figure 2). 



size, while lists can become bigger or 
smaller as a program executes. (There 
is no equivalent in Logo to BASIC'S 
DIM statement, which is used to 
specify how big an array will be.) The 
second difference is that arrays must 
be uniform. That is, you can have an 
array of 12 numbers, or an array of 
strings each 23 characters long, but 
you can't have an array of* some of 
both. (A Pascal record or C structure 
can have some of both, but only in 
one predeclared pattern.) Each ele- 
ment of a Logo list can be any Logo 
object: a number, a word, or even an- 
other list. Thus, the following are ex- 
amples of lists: 

[VANILLA CHOCOLATE MOCHA1 

[VANILLA [MINT CHOCOLATE CHIP] 
[FUDGE SWIRL]] 

[BANANA 3.14159 [RED BLUE 
YELLOW] 2.71828] 

[FLAVORS [VANILLA CHOCOLATE] 
SIZES [LARGE SMALL] 
OPTIONS [[HOT FUDGE] 
[SUGAR CONE]]] 

The first of these is a list of three 
words. The second is also a list with 
three members, but the first is a word 
and the others are lists. The third ex- 
ample shows that numbers can be in- 
cluded. The last example demon- 
strates that a list can contain a list 
that contains a list. 

The last example is a special kind of 
list, called a property list. If this prop- 
erty list were associated with the 
name ICECREAM, the Logo statement 

PRINT GPROP "ICECREAM "SIZES 



ir 



TO HANOI :NUMBER .FROM :TO -.OTHER 
IF :NUMBER = 0 [STOP! 

'^S^X^M^ IFflOM PEG I :FBOM ,T0 PEG, :TO, 
ANOI -.NUMBER - 1 .OTHER :T0 :FROM 
END 



HANOI 6 "A "B "C 



would print: 
LARGE SMALL 

(GPROP stands for Get PROPerty.) 
Property lists are a convenient way to 
group related information. Imagine, 
for example, a Spacewar game pro- 
gram with several ships, each with a 
property list. The properties might be 
the ship's position, velocity, shape, 
remaining energy, and so on. 

The reason that some languages 
restrict you to using arrays is that, be- 
ing uniform and of fixed size, they are 
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more efficient to deal with. The 
restrictions on arrays mean that if the 
nputer knows where the beginning 
some array is located in memory, 
ie location of the nth element of the 
array can be calculated easily, no 
matter what values the elements ac- 
tually have. 

With a list, the size of each element 
is variable. Therefore, lists are stored 
in a more complicated way. As a 
result, to find the fourteenth element, 
you have to start with the first one, 
figure out where the second one is, 
then figure out where the third one is, 
etc. Since this is all done automatical- 
ly by the Logo interpreter, lists aren't 
hard for the programmer to use, but 
it's somewhat slower than finding 
something inside an array. 

Among major languages, LISP uses 
lists much like those in Logo. (In fact, 
the data structures in Logo are based 
on those of LISP. USPs name stands 
for LISt Processing.) APL uses a data 
structure that is like lists in that it is 
not fixed in size, but is like arrays in 



that it is uniform in composition. In 
other words, an APL vector can grow 
or shrink, but it has to be all numbers 
or all characters. Pascal and C don't 
have lists, but they have pointer vari- 
ables that can be used along with 
records or structures to build the 
equivalent of lists. FORTRAN and 
BASIC don't have dynamic storage 
allocation— you can't make some- 
thing bigger in the middle of the pro- 
gram—so there is no way to create 
lists in them. 

Logo is not typed. In BASIC, if you 
want a variable to contain a character 
string, you put a dollar sign at the end 
of its name. If you don't use the dollar 
sign, the variable must contain a 
number, not a string. (Some versions 
of BASIC have a third type: a vari- 
able whose name ends with a percent 
sign contains an integer, or whole 
number.) In Pascal and C, the type of 
a variable must be given explicitly in 
a declaration. In FORTRAN, vari- 
ables can be declared as in Pascal; if a 
variable isn't declared, its type 



depends on the first letter of its name. 
The letters I through N indicate in- 
teger variables. 

In Logo, as in LISP and APL, vari- 
ables are not typed. Any variable can 
take on any value. The same variable 
can be an integer at one point in the 
program and a character string 
(called a word in Logo) later on. 

Originally, variable typing wasn't 
a matter of language-design 
philosophy. Variables were typed to 
make life easier for the people who 
wrote compilers. Since different ma- 
chine-language instructions are used, 
for example, to add integers and to 
add numbers with fractional parts, 
it's easier to translate "A+B" into 
machine language if you know ahead 
of time whether or not A and B are in- 
tegers. 

More recently, some language de- 
signers have taken the position that 
variable typing is a good thing, apart 
from implementation issues, because 
it disciplines the programmer to use a 
for only one purpose. In re- 
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Listing 3: Logo variables are nontyped. The variable NUMBERS contains whatever the 
user enters. First, it is examined as a list of words and tested to see if it contains the value 
DONE; next, it is used as a list of numbers and added. 



ADDLOOP 
JNT [TYPE TWO NUMBERS TO ADD.] 
MAKE "NUMBERS READUST 

PRf^ ^NUMBERS) +(LAST .NUMBERS) 

ADDLOOP 
END 



jecting typing, the designers of Logo 
did not mean to encourage the hap- 
hazard use of variables for different 
purposes; rather, they built a pro- 
cedural language in which variables 
are attached to a particular pro- 
cedure, rather than being available to 
the entire program. This encourages 
the same discipline in a different way. 

As an example in which typed vari- 
ables are awkward to use, listing 3 il- 
lustrates the common problem of 
writing a program that reads some 
numbers entered by the user, per- 
forms some calculation with them, 



and repeats the process until the user 
signals that there are no more prob- 
lems to do. 

This program has been written so 
that the user can enter the word 
DONE when no more numbers are 
left to add. In a typed language, the 
numbers would have to be read into a 
numeric-type variable, not a string- 
type variable. Entering a nonnumeric 
word would be an error. FORTRAN 
programs used to be full of instruc- 
tions to the user like "type 9999 to in- 
dicate that you're done." Pascal pro- 
grams face the same difficulty. 
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Logo is extensible. Every computer 
language has certain built-in, or 
primitive, operations. Most lan- 
guages, for example, include arith- 
metic operations on numbers, and 
some way to print the results. Pro- 
cedural languages allow the program- 
mer to create new operations, extend- 
ing the capability of the language. In 
that sense, most languages are exten- 
sible. But "extensible" is used by lan- 
guage designers in a special sense. 

An extensible language is one in 
which user-defined procedures "look 
like" primitive procedures. This is 
partly a matter of notation and partly 
a matter of real power. In most lan- 
guages, the primitive arithmetic oper- 
ations can be applied to several dif- 
ferent types of variables (integer and 
real, for example) with appropriate 
results for each type. In most lan- 
guages, however, user-defined pro- 
cedures must specify in their defini- 
tion one particular type of variable to 
which they apply. This restriction 
violates the principle of extensibility. 

Extensible languages are particular- 
ly valuable for teaching because a 
teacher can provide language exten- 
sions and teach them as if they were 
primitives. LISP, Logo, APL, and 
FORTH are extensible, with some 
minor restrictions in some cases. 
Logo violates pure extensibility, for 
example, in that some of the primitive 
arithmetic operations are represented 
in inf be form (with the operation sym- 
bol between the two operands, as in 
3 + 2), while user-defined pro- 
cedures can be represented only in 
prefix form (with the operation sym- 
bol before the 4 operands, as in 
SUM 3 2). Almost all Logo primitives 
are used in prefix form. 

As an example of the use of exten- 
sibility in Logo, most versions do not 
have primitive procedures for itera- 
tive looping, like the FOR, DO, or 
WHILE constructs in other languages. 
But it is very easy to define these pro- 
cedures, if you want them, so that 
they look syntactically similar to the 
IF command that is a Logo primitive. 

Logo as a Learning Language 

Among respectable languages, you 
may have noticed two groupings. 
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Logo is "tuned'' for interesting ap- 
plications. Probably the most famous 
aspect of Logo is the idea of turtle 
geometry. This approach to com- 
puter graphics has been added to 
other languages, such as Pascal and 
PILOT, but it originated with Logo. 

Most approaches to computer 
graphics are based on Cartesian coor- 
dinates (the "x,y" system you learned 
for graphing equations in high 
school— see figure 3). In this ap- 
proach, each line you want to draw is 
specified in terms of the specific posi- 
tions of the endpoints, relative to a 
fixed-coordinate system. Using Carte- 
sian coordinates, it's not too hard to 
draw an upright square in a known 
position, but if the square is tilted, its 
coordinates must be calculated using 
trigonometry. The power of turtle 
geometry is that lines are described 
not in terms of absolute position in a 
coordinate system, but relative to the 
position and direction of the turtle, a 
conceptual animal that moves around 
the TV screen. In this system, you 
don't say where the turtle starts or 
ends, just how far it moves and in 
what direction: 




Logo, LISP, and APL are interpreted, 
list-oriented, and untyped. Pascal 
and C are compiled, array-oriented, 
and typed. (All respectable languages 
are procedural, by definition.) These 
groupings reflect historical accidents, 
implementation convenience, and 
language-design philosophy. For ex- 
ample, C and Pascal are very similar 
because they are both derived from 
an earlier language, ALGOL, that 
established a style followed by many 
newer languages. 

Compilers have a much easier time 
with typed languages, while inter- 
preters are just as happy with un- 
typed ones. The list-oriented lan- 
guages were all invented by people 
who are primarily mathematicians, 
rather than computer programmers. 

Within each group , though, the dif- 
ferences tend to reflect the particular 
use each designer had in mind. For ex- 
ample, C is different from Pascal 
largely because C was designed as a 
language for systems programming. 



In the list-oriented group, LISP was 
developed for use in artificial- 
intelligence research, and APL was 
developed to teach algebra and the 
mathematical topics, like calculus, 
that depend on algebra. Logo, 
though, was developed as a learning 
language, not for a specific branch of 
mathematics, but for problem- 
solving behavior. Logo is meant to 
appeal particularly to younger 
students than APL does, although 
Logo has also been used successfully 
with college physics students at MIT. 

From the point of view of the 
"pure" computer scientist, Logo is 
LISP. The developers of Logo, in fact, 
have been artificial-intelligence 
researchers for whom LISP is second 
nature. The differences between the 
two languages are all based on the 
specific intent to make Logo par- 
ticularly useful as a learning lan- 
guage. Logo's special properties from 
this point of view will be described 
next. 



TO SQUARE : LENGTH 
REPEAT 4 [FORWARD :LENGTH 
RIGHT 90] 

END 



Other articles in this issue of BYTE 
explain more about how turtle 
geometry works (see "A Beginner's 
Guide to Logo" by Harold Abelson 
on page 88 and "Introducing Logo to 
Children" by Cynthia Solomon on 
page 196). For our purposes, what's 
important is that the use of this 
powerful approach makes graphics 
programming possible for beginners 
the first time they use the computer. 

In the past, computer program- 
ming has appealed to only a small 
number of people because there has 
been a real lack of problems that are 
both interesting and easy enough for 
beginners. Traditional programming 
courses have been heavy in algebraic 
problems ("Write a program to solve 
quadratic equations."). Therefore, 
they have not attracted people who 



Listing 4: Pig Latin translation via Logo. 



END 



IIGLATIN :SENT 
^XceSwJrD RRST .SENT) (P1GLAT1N BUTF1RST .SENT) 



l?v™M?m£*ZlO*0 [OUTPUT WORD .WORD "AY] 
Z^St^SSi'^SS BUTF.RST :WORD FIRST :WORD 

END 

TO VOWELP -.LETTER ' _ 

OUTPUT MEMBERP .LETTER [A E I 0 U Y] 

END 



don't like the traditional mathematics 

curriculum. 

Turtle geometry is not the only 
special application built into Logo. 
Another one is language processing. 
Letters, words, and sentences are a 
natural hierarchy of Logo objects. (In 
most programming languages, by 
contrast, a sentence is not a list of 
words, but a string of characters. If 
you want to deal with the words in 
^fe sentence, you have to write a 
implicated program just to look for 



spaces in the string to divide the 
words.) As a simple example, listing 4 
is a Logo program to translate a 
sentence into pig Latin. PLWORD is 
used as a subprocedure to translate a 
single word based on this rule: if the 
word starts with a vowel, add AY at 
the end. If not, move the first letter to 
the end and try again. 

In the program, WORD and 
SENTENCE are procedures for joining 
two objects into a larger object; FIRST 
and BUTF1RST separate an object into 
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its component parts. The primitive 
procedure FIRST, when applied to a 
sentence, produces the first word of 
the sentence. When applied to a 
word, it produces the first letter.^ No 
other programming language J " 1 
neady with this hierarchy of 
in human language. 
Logo is user-friendly. A language for 
learners has to be designed to deal 
with problems that are less important 
in a language meant for experienced 
programmers. For example, when 
you make a mistake, you should get a 
detailed, helpful error message. Lan- 
guages that say things like SYNTAX 
ERROR or ERROR NUMBER 259 are 
not encouraging to a beginner. Logo 
has messages like: 

+ DOESN'T LIKE HELLO AS INPUT 

This means that you tried to add a 
nonnumber, the word HELLO, to 
something. When you see the mes- 



/ DON'T KNOW HOW TO FRIST 

you have used a procedure, FRIST, 
that you haven't defined. The 



NOT ENOUGH INPUTS TO MAKE 

means that the procedure MAKE needs 
two inputs, and you gave only one. If 
the error happens during the execu- 
tion of a procedure, Logo also prints 
the name of the procedure and the 
line containing the error. 

Since the beginning of time (in 
1954), programming students have 
been getting confused about common 
programming statements such as 
X=»X+1, a frequently used assign- 
ment construct that seems to go 
against one's algebraic intuition. 
Pascal's use of : = instead of the un- 
adorned equal sign is somewhat of an 
improvement, and APL's - is even 
better. Even so, the notation doesn't 
make it obvious that X - 3 has an ef- 
fect very different from X+3 or 
X-3, which look very similar. Ir. 
Logo, the assignment is done this 
way: MAKE "X :X + 1 . Although leSJ 
terse than a single-character symbc. 
for assignment, the word MAKE con- 
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jures up much more vividly the no- 
tion that something is being changed, 
not just used in a calculation. 

There are many more ways in 
which Logo makes explicit things that 
many languages leave hidden. For ex- 
ample, Logo uses the colon (which 
Logoites call "dots") to mean '1 want 
the value of this variable"; the same 
word without the dots names a pro- 
cedure. In LISP, the notorious paren- 
theses make it possible to distinguish 
procedure calls from variable refer- 
ences without the dots notation; most 
other procedural languages simply 
prohibit using the same word for both 
purposes. (That solution would be 
awkward in Logo because some 
words like WORD are not only 
popular variable names, but also 
names of primitive procedures.) 

In any case, according to the design 
philosophy of Logo, the dots notation 
is a good thing, apart from its tech- 
nical necessity, because it calls atten- 
tion to the fact that a variable's value 
is different from its name; it also 
points out that a variable is different 
from a procedure. For example, in the 
X-X+l situation, the two identical- 
looking appearances of X have dif- 
ferent meanings. The second repre- 
sents the old value of X, whereas the 
first merely names the variable being 
given a new value. In the Logo ver- 
sion, these two meanings are 
distinguished by the notation. The 
first is called "X; the second is called 
:X. 



Another example of a distinction 
that is explicit in Logo and not in 
some other languages is the division 
of procedures into commands and 
operations. An operation is a pro- 
cedure that computes some value that 
becomes the output of the procedure. 
For example, the arithmetic opera- 
tions are in this category. A com- 
mand does not have an output, but 
instead has an effect: it prints some- 
thing, moves the turtle, or changes 
the value of a variable. 

The same distinction is made in 
Pascal, in which operations are called 
functions and commands are called 
procedures. FORTRAN calls them 
functions and subroutines. LISP, 
APL, and C, however, are less fussy. 



C treats all procedures as operations, 
but allows an operation to be used as 
if it were a command; the result of the 
operation is ignored in that case. In 
LISP and APL, the result of such a 
"top-level" operation is printed. (In 
LISP, every procedure has an output 
and every top-level command prints 
something. In APL, some procedures 
don't have output and, therefore, 
don't print anything.) In Logo, using 
an operation without a command is 
considered an error; if you want 
something printed, you must use the 
PRINT command. 

The use of infix arithmetic in Logo 
is a concession to the habits of the 
users. All other Logo procedures are 
used in prefix form, with the pro- 
cedure name before the inputs. Arith- 
metic can also be expressed in prefix 
form. The two Logo expressions 
3+2 and SUM 3 2 are equivalent. 

The infix form seems more natural 
to people accustomed to doing arith- 
metic outside of the Logo environ- 
ment. The prefix form, however, is 
better in some ways. For example, it 
eliminates the need for precedence of 
operations (i.e., where division is 
always done before addition, etc.). 
Also, it eliminates the need for paren- 
theses to indicate grouping. In LISP, 
only the prefix forms are used. 

Another user-friendly aspect of 
Logo is its facility for interactive 
definition of procedures. Early ver- 
sions of Logo used a line-numbering 
technique: within each procedure, 
lines were numbered and could be re- 
placed much as the lines of a BASIC 
program can be replaced. Current im- 
plementations of Logo use a display 
editor in which special control char- 
acters are used to move the cursor 
around the display screen to change 
individual characters anywhere in a 
procedure definition. 
Logo has no threshold and no ceiling. 
This means that Logo is easy enough 
for anyone to use, but it is powerful 
enough for any project; it's not a 
"toy" language. Logo is best known 
as a language for elementary school 
children, but it's designed for learners 
of any age and any level of sophisti- 
cation. 

How young can a Logo learner be? 



Well, very young children might have 
trouble with typewriter keys and with 
the spelling of procedure names. 
Several years ago, however, Radia 
Perlman at MIT built a series of 
special keyboards with large buttons 
labeled with pictures instead of 
words. With this special hardware, 
she taught the ideas of turtle 
geometry to 4-year-olds. This project 
even included the idea of procedures, 
with buttons called "start remember- 
ing" and "stop remembering" to 
delimit a procedure definition, and 
one called "do it" to execute the pro- 
cedure. Multiple procedures 



named by using buttons in different 
colors. 

How old can a Logo learner be? 
Professors Harold Abelson and An- 
drea diSessa have been using Logo to 
teach physics to MIT undergraduates. 
They use Logo simulation programs 
to demonstrate not only simple 
Newtonian mechanics but even the 
general theory of relativity. Their 
book, Turtle Geometry: The Com- 
puter as a Medium for Exploring 
Mathematics (Cambridge, MA: MIT 
Press, 1981), demonstrates their ap- 
proach, which has also been used suc- 
cessfully with high school students. 
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Logo has also been used for a 
special group of learners, those with 
severe handicaps. In the past, many 
children of normal or superior intelli- 
gence, but with impaired ability to 
communicate, have been diagnosed 
as retarded. Computers can be used 
with such children both as a com- 
munication prosthesis and as a field 
of interest in which the handicapped 
learner can exhibit autonomy in pur- 
suing goals. The use of Logo in educa- 
tion for the handicapped is explored 
in Dr. E. Paul Goldenberg's book 
Special Technology for Special 
Children (Baltimore: University Park 

Press, 1979). 

Other languages designed with 
students in mind are BASIC, Pascal, 
and APL. (I omit PILOT, which was 
designed not so much for students as 
for teachers; in its original design, 
students were supposed to use 
computer-aided-instruction programs 
written in PILOT, rather than PILOT 
itself.) How do these languages com- 
pare with Logo in their applicability 
to education? 

BASIC was designed as a modifica- 
tion of FORTRAN for beginners. By 
far the most important advance in 
BASIC was its interactive approach. 
This was much more of a pioneering 
step than it now seems because people 
are now accustomed to inexpensive 
personal computers with this feature. 
In the early days of BASIC, the only 
computers were huge, expensive 
ones. Although timesharing, which 
allowed several people to use the big 
computer at once, had recently been 
invented, many people objected to it 
because it used the precious time of 
the huge computers inefficiently. 
(The response of timesharing ad- 
vocates was that it was more efficient 
in the use of human time.) An interac- 
tive language was even more time- 
consuming than timeshared use of the 
old, compiled languages. For John 
Kemeny and his colleagues at Dart- 
mouth to move against the general 
worship of efficiency was very brave. 

Besides adding interaction, BASIC 
removed some of the most difficult 
parts of FORTRAN. For example, the 
INPUT and PRINT statements in 
BASIC don't require a detailed speci- 
fication of the format in which infor- 
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mation is presented, as FORTRAN 
does with its FORMAT statement. 
(As an example, FORTRAN requires 
the user to specify the number of 
digits before and after the decimal 
point in the printed form of a 
number.) Of the modern languages, 
only C uses primarily format-directed 
input and output. Unfortunately, the 
important ideas of procedures and 
local variables were also left out of 
BASIC. 

This means that easy problems are 
very easy to solve in BASIC, but hard 
problems are close to impossible. 
Any large BASIC program is bound 
to be an unreadable maze of GOTOs. 
The designers of BASIC, after all, in- 
tended it as a language for beginners 
(i.e., Beginner's All-purpose Sym- 
bolic Instruction Code). FORTRAN 
was supposed to be used for more dif- 
ficult programs. 

The advent of personal computers 
has pushed BASIC into a more ex- 
tended role, not because it's easy for 
the programmer, but because it's easy 
for the computer I The Logo inter- 
preter, like the Pascal compiler, bare- 
ly fits in an Apple II computer with 
64K bytes of memory. BASIC inter- 
preters are used with 8K-byte ma- 
chines at a much lower cost. The 
result is that computer magazines are 
filled with long, complicated BASIC 
programs that are far from basic in 
their readability. 

Pascal, on the other hand, was de- 
signed to include the most advanced 
ideas of computer science in recent 
years. Although intended as a first 
language, it was meant primarily for 
college students, particularly those 
interested in computer science as a 
career. That helps to explain why it is 
compiled and typed, two strong bar- 
riers to the unsophisticated student. 
Even the simplest Pascal program is 
rather complicated to write, enter in- 
to the computer, and run. That's 
why, in practice, Pascal is often 
taught to students who have already 
used BASIC and FORTRAN. 

BASIC and Pascal were both de- 
signed to teach computer program- 
ming per se. APL was designed to 
teach mathematics, especially at the 
high school level. Its inventor, Ken- 
neth Iverson, used it for several years 



as a blackboard language without 
any intention of actually implement- 
ing it on a computer. That helps ex- 
plain his willingness to use special 
symbols not then found on any actual 
computer printer. Anything can be 
drawn on the blackboard! 

In its intended use, APL is very 
powerful. Many computations that 
require iterative loops and auxiliary 
variables in other languages can be 
done in one step in APL. Most people 
see this power mainly as a matter of 
terseness; APL is famous (or 
notorious) for its one-line programs. 
The real virtue of APL's approach is 
that it allows the student's attention 
to be focused on the mathematics of a 
problem, rather than on the needs of 
the computer. APL was designed to 
be used not in a special programming 
course or a special unit stuck into 
another math course, but casually 
throughout an algebra course, just as 
you'd use a calculator. 

Logo's goal is different from all 
these. It isn't supposed to be an easy 
introduction to something else, it's 
not specifically for computer-science 
majors, and it isn't a tool for teaching 
the same math curriculum people are 
already teaching. Instead, it's a door 
into the territory of the computer as 
an object for intellectual exploration. 
To return to the theme stated at the 
beginning of this article, Logo is for 
learning learning. 



Why Logo? 

In his book Mindstorms: Children, 
Computers, & Powerful Ideas (New 
York: Basic Books, 1980), Seymour 
Papert says, "It is not true to say that 
the image of a child's relationship 
with a computer I shall develop here 
goes far beyond what is common in 
today's schools. My image does not 
go beyond: It goes in the opposite 
direction." Logo isn't just a program- 
ming language; it's also a philosophy 
of education. Papert's book is the best 
explanation of that philosophy, but 
what follows is a briefer summar-. 

A child learns partly by picking up 
specific facts and skills. Much of 
existing formal education is about 
facts and skills: reading, spelling, and 
the multiplication table. But a more 
profound kind of learning is the skill 



ot learning ltseir, wmcn invuivw 
building of mental models of the 
world, of oneself, and of the learning 
process. These models are developed 
through intellectual exploration. That 
^kloration may begin in a weak, 
^Kphazard way, but a good learner 
develops strategies for purposeful ex- 
ploration. The more one learns, the 
oetter the model of learning, and the 
niore able one becomes as a learner. 
I In this process of growth, it doesn't 
J really matter what particular aspect 
I of the world you explore. In the in- 
I troduction to Mindstorms, Papert 
I mentions that at age 2 he fell in love 
1 with automobile gearboxes. When I 
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love with hypnotism. The point 
about using computers in education is 
not that everyone must know some- 
thing about computers, but simply 
that for many people, computer pro- 
gramming can be the arena for this 
general process of learning to learn. 
Because the computer is such a 
general-purpose machine, it can ap- 
peal to many different interests. It can 
draw pictures, make music, write 
stories, or move robots. 

"I want a job as a computer pro- 
grammer. Why should I learn Logo, 
and not something useful like 
COBOL?" This is a common ques- 



to it. The first is that Logo, as ex- 
plained earlier, is designed to make 
explicit many of the fundamental 
ideas of computer programming. 
Someone who learns Logo is likely to 
have a very clear idea of the nature of 
variables, procedures, and most other 
programming constructs. So Logo 
may be a better basis even for learn- 
ing COBOL than simply starting with 
COBOL itself. But the second answer 
is that Logo's purpose isn't to train 
computer programmers. Logo isn't 
meant to replace all other program- 
ming languages. 

Logo is generally associated with 
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children because most people nave a 
model of the learning process in 
which children learn and adults don't. 
This model is unfortunate. Logo can 
be useful to people of any age, but it 
k 11 be most useful to you if you ap- 
^Poach it in a playful, exploratory 
way. 

It's important to distinguish be- 
tween the Logo language and any 
particular implementation of Logo. 
Some things can't be done in the 
Apple and Texas Instruments ver- 
sions of Logo simply because the ma- 
chines aren't big or fast enough or 
because the implementation doesn't 
include some capabilities. For exam- 
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Logo has a good way of storing data 
on disk, although all versions can 
store procedures on disk. 

The Logo interpreter barely fits in a 
64K-byte Apple II, and the implemen- 
tation favors the features needed for 
education, not those needed for prac- 
tical data processing. But in principle, 
Logo is a good language in which to 
develop any application because of its 
interactive debugging and its proce- 
dural style. 

Do you want to write a video-game 
program? ItH probably run too slow- 
ly in Apple Logo, unless it's a simple 
one. But it might be worthwhile to 



with different ideas for your game in 
an environment that permits quick, 
easy modification of your program, 
and then rewrite it later in some other 
language. The advantage of Logo can 
be described partly in purely tech- 
nical terms like "interactive." An- 
other way of looking at it, however, 
is that Logo encourages the playful- 
ness you need to design the best possi- 
ble game. If all you want to do is 
make an exact copy of Asteroids, the 
benefits of Logo are less important. 

In summary: Logo is a LISP-like 
language, and a laboratory for loose, 
lifelong learning about learning.* 
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Introducing Logo to Children 

Teaching Logo requires an awareness of 

different learning styles. 



# 



As computers continue to 
schools and homes, parents, teachers, 
and children face the problem of inte- 
rring the machines into their lives, 
r many, computers serve as power- 
ful instruments for personal use and 
intellectual development. Many Logo 
researchers see the potential of com- 
puters to serve as personal instru- 
ments for everyone and have been 
working toward that goal. In the pro- 
cess, they have focused on developing 
not only the Logo language, but 
things to do with the language and 
ways of thinking and talking about 
these activities. How people talk 
about what they are doing, the way 
they interact with one another, and 
the way they interact with the com- 
puter give rise to a new kind of 
culture, a computer culture. 

Seymour Papert has been the 
guiding influence in the development 
of this kind of computer culture. (See 
Mindstorms: Children, Computers, 
& Powerful Ideas [New York: Basic 
Books, 1980] for a fuller discussion of 



out the Author 

Cynthia Solomon, formerly vice-president 
of Logo Computer Systems Inc., participated 
in the development of Apple Logo. She is cur- 
rently finishing work toward her doctorate in 
education from Harvard University. 



Cynthia Solomon 
80 Ellery St. 
Cambridge, MA 02138 



Logo and computer cultures.) Papert 
created the Logo language for 
children. Although it had to be simple 
to learn, it needed a rich and easily 
expandable vocabulary. It had to 
reflect some of the important ideas in 
computer science, such as proceduri- 
zation, local and global variables, 
naming, self-referential pro- 

For many, computers 
serve as powerful 
instruments for 
personal use and 
intellectual 
development. 

gramming, etc. These are attributes 
that a language such as BASIC does 
not possess. BASIC has a reputation 
for being easy to learn; it has a small 
vocabulary of key words. But this ini- 
tial set of key words is not easily ex- 
pandable; the programmer cannot 
create new key words. This sets 
BASIC apart and makes it easy to 
learn but hard to use. The program- 
mer cannot build procedures, name 
them, and then use them to build 
other procedures. The powerful 
problem-solving strategy of breaking 
problems into smaller and smaller 



parts can only be a paper-and-pencil 
strategy in a BASIC programming en- 
vironment. The structure of BASIC 
does not support this important prob- 
lem-solving strategy. 

Once Logo was developed for 
children, Papert and his collaborators 
looked to the computer to provide an 
environment in which a person could 
learn by doing and thinking about 
what they did. A person would ac- 
tively explore the capabilities of both 
Logo and the computer by construct- 
ing objects and debugging them. The 
computer would serve as a source or 
tool for creating interesting 
mathematical objects that would 
draw upon a person's intuitive 
knowledge and that could be used in 
constructing other objects. One of 
these objects is the computer-con- 
trollable geometric entity, now wide- 
ly known as a turtle. Exploring the 
turtle's behavior leads people to draw 
upon their intuitive geometric knowl- 
edge. This knowledge does have a 
formal aspect as expressed in the area 
of mathematics known as computa- 
tional geometry. (See Turtle 
Geometry: The Computer as a 
Medium for Exploring Mathematics 
by Harold Abelson and Andrea 
diSessa [Cambridge, MA: MIT Press, 
1981] for an excellent presentation of 
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the formal aspects of turtle 
geometry.) In this kind of a computer 
culture, people draw upon knowledge 
acquired in other activities? and they 
apply what they learn in the Logo 
culture to many different areas. 

My personal contributions toward 
this goal focus on what is required to 
encourage the development of com- 
puter cultures in the Logo spirit. One 
of the questions I have considered is: 
What does a teacher of Logo have to 
know? There is no one answer to this 
question. I have seen children teach 
other children about Logo. Although 
their knowledge is quite different 
from the adults who taught them, the 
children were very successful at shar- 
ing with each other a way of thinking 
and talking about computers. Per- 
haps I should pose a different ques- 
tion and ask: What are some of the 
things I think about as I teach people 

to program? 

I see much of my own development 
as a teacher as acquiring (1) a collec- 
tion of programming projects that 
make the power of programming 
techniques and concepts apparent to 
beginners; (2) a vocabulary for talk- 
ing about programming; (3) an 
awareness of different learning styles 
and strategies for building on them; 
and (4) a sensitivity to the kinds of 
resistances that keep many adults and 
children from experimenting with 
mathematical ideas. 

A Model for Introducing 
People to Computers 

When I enter a new teaching situa- 
tion, I have in mind several models of 
how to introduce people to Logo. I 
also maintain a willingness to switch 
from one model to another or even 
diverge from all of them. My primary 
goal is for people to do something 
they could not have done without a 
computer, but something that is 
familiar to them (e.g., draw a square 
or print their name all over the 
screen). I also want to think toward a 
next step and how the beginning pro- 
grammer can build on what happened 
in the first session in the following 
one. Flexibility is one of the most 
powerful ideas in this culture, but ;o 
be flexible implies having a model to 
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Figure 1: Building a square. With the turtle at the starting point this sequence 
can also be turned into a Logo procedure. 



,f commands will produce a square. These commands 



A 




Turtta at start 



SQUARE 









V 

SQUARE 


1 







SQUARE 



SQUARE 



Figure 2: PANES as evolved from SQUARE. The figure is made by repeating the 
SQUARE procedure four times. 



Example of a First Session 

Usually, a beginner starts by com- 
municating with a turtle. The student 
specifies an algorithm in Logo that 
causes the turtle to draw a geometric 
design (e.g., a square). This is done 
relying on intuitive mathematics in- 
stead of formula-driven mathematics. 
That is, the description to the com- 
puter is based on how the student 
would trace out the path of a square if 
the student had the same limited 
understanding as the turtle does (e.g., 
knowing how to move FORWARD or 
BACK, and turn LEFT or RIGHT). The 
sequence in figure 1 illustrates the ef- 
fect of such commands on the turtle: 
These commands can be named and 
turned into a procedure that then 
becomes a part of Logo's working 

vocabulary: 



depart from. Thus, I have a model in 
mind of paths a beginner might take 
in a first session. 

In a first session, I try to convey the 
following ideas: (1) programming is a 
process of engaging the computer in 
conversation using the vocabulary 
the computer understands; (2) the 
computer's understanding can be 
easily expanded; (3) giving meanings 
to words involves describing a pro- 
cedure to the computer and giving the 
procedure a unique name; (4) since 
procedures created by the program- 
mer can be used like any of Logo's 
i/ords, they can be incorporated into 
Jther procedures; (5) making pro- 
cedures entails a process of debug- 
ging; and (6) pretending to be the 
computer or the turtle helps in design- 
ing and debugging programs. 

Thus, in a first session, a person 
might try out turtle commands like 




FORWARD and RIGHT. The student 
would then make a design (create a 
procedure), give it a name, enter that 
name into Logo's active vocabulary, 
and use that new procedure in the 
construction of others. The teacher, 
at the same time, is also learning from 
this experience by thinking about the 
effect of different actions on the turtle 
and, with concrete examples and ad- 
vice, helping the new Logo program- 
mer arrive at a greater understanding 
of Logo. The teacher also has a 
chance to rethink the examples 
presented to the student and develop 
new approaches and a deeper 
understanding of the learning pro- 
cess. (See Apple Logo: Introduction 
to Programming through Turtle 
Graphics by Cynthia Solomon 
[Pointe-Claire, Quebec: Logo Com- 
puter Systems Inc., 1982], which is 
included in the Apple Logo package.) 



TO SQUARE 
FORWARD 50 
RIGHT 90 
FORWARD 50 
RIGHT 90 
FORWARD 50 
RIGHT 90 
FORWARD 50 

END 

The TO informs Logo that a pro- 
cedure is being created. SQUARE is 
the name of the procedure. END 
marks the end of the text of the pro- 
cedure. Now the programmer might 
use the SQUARE procedure to pro- 
duce a new design like the one in 
figure 2, created by PANES, which 
follows: 

TO PANES 

SQUARE 

SQUARE 

SQUARE 

SQUARE 

END 




The beginner gets an immediate 
sense of the relationship between pro- 
gram and goal and rapidly elab- 
es this into an understanding of 
_ relationships among goals and 
subgoals, procedures and subpro- 
cedures (e.g., the programmer learns 
that PANES is made by running the 
SQUARE procedure four times). The 
beginner is involved in debugging, in 
learning by doing and thinking about 
the orocess. (For example, the pro- 



grammer may create a square that 
doesn't close. Listing the procedure, 
the student'eatches a bug in the input 
to FORWARD when drawing the last 
side of SQUARE; it should be 
FORWARD 63, not 36.) The program- 
mer may use anthropomorphism or 
identification as a debugging aid 
(e.g., pretending to be the turtle 
causes a person to walk in the same 
path as the turtle would, and it also 
understand the turtle's 
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behavior). Thus, in a first session, a 
programmer writes a procedure that 
then becomes part of Logo's working 
vocabulary. In doing this, the pro- 
grammer achieves a sense of the 
power available to influence the en- 
vironment and a sense of accomplish- 
ment and creativity. 



A Model of Learning Styles 

I have observed that children take 
over the computer in different ways. 
They show different learning styles, 
different paths into the computer 
work. Undoubtedly, this bare state- 
ment is true for all learning. What is 
special here is that the flexibility of 
the computer allows the process to go 



In working with 
computers, many paths 

lead to the same 
goal. Moreover, many 
equally great goals 

can be pursued. 



further and become more explicit. In 
working with computers, many paths 
lead to the same goal. Moreover, 
many equally great goals can be pur- 
sued. This gives children the oppor- 
tunity to express themselves and ex- 
plore their own intellectual styles. 

Although each child has a unique 
intellectual personality, and the use 
of the computer allows us to respect 
it, we do observe some similarities. I 
shall describe three distinct learning 
styles that have emerged, not only 
from my own work with young 
children, but from work completed 
by Dan Watt as part of the M1T- 
Brookline Logo Project. 

The first learning style I call the 
planner. This child might build struc- 
tured programs from the top level 
down or from the bottom level up, 
but always from a coherent for- 
mulated plan. 

A second learning style is the 
macro-explorer. This student likes to 
mess about with subprocedures or 
building blocks to arrive at a product. 
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Rgui* 3: CB as evolved from BALLOON. Using techniques developed 
cedure BALLOON. 




4: FLOWER, also designed by 
Janet is created by using the procedure 
CB, but turning the turtle 51 degrees and 
repeating the procedure seven times. 

rather than starting out with a 
specific goal. In this case, the learner 
is intent on exploring the effect of the 
particular building block. Therefore, 
the result is open-ended. 

Finally, some learners have to ex- 
plore their environment on a micro- 
level before they can establish pat- 
terns of planning or directed explora- 
tion. These micro-explorers are often 
the most timid learners, doing such 
things as assuring themselves that 
FORWARD 100 is the same as 
FORWARD 1, FORWARD 9, 
FORWARD 11, FORWARD 23, and 
FORWARD 56. Others might exhibit 
this conservative, gradual explora- 
tion by using the same numbers as in- 
puts to FORWARD and RIGHT, or by 
repeating the same commands over 

and over. 

Any child might use all three of 
these learning styles. In an initial ses- 
sion, I might try to "plant seeds" for 
all three. For example, I would en- 
courage a beginning student to drive 



the turtle around the screen in a series 
of direct commands with no goal 
other than to understand the turtle's 
behavior. But in the same initial ses- 
sion, I would suggest some concrete 
goal, such as making the turtle walk 
in a square or, perhaps, having 
placed some squares on the screen, I 
would ask the child to make the turtle 
touch them. In this, I elicit primarily 
a micro-explorer style with some hint 
at a planner style. 

I facilitate a macro-explorer style 
by seizing on something interesting 
the child has just done and suggesting 
"teaching" it to the computer. Thus, I 
encourage the child to form pro- 
cedures, thereby turning the turtle 
meanderings into repeatable pro- 
cedures or building blocks. Using 
these procedures, the child can create 
more unanticipated designs. 

I would encourage children to fol- 
low a planner style of learning by 
asking them to choose a design from a 
collection of procedures already 
familiar to them or by asking them to 
make a design of their own and use 
these as procedures. Being sensitive to 
these styles of learning and their 
natural intermixing helps to develop 
strategies for guiding the children. 
These styles of learning are exhibited 
by novices to programming in Logo 
regardless of their age. 

Using Procedures 

Janet, a 6-year-old, had previously 
made a square. In constructing CB 
(see figure 3), she used similar tech- 
niques. She made the turtle draw 
BALLOON and then turn RIGHT 90 
repeatedly until it had walked in a 
complete path and returned to the 
position and heading it started from. 



Janet was not aware of this as a 
generalization, but her specific ex- 
periences led her to believe that these 
two actions repeated over and over 
resulted in the turtle making a com- 
plete trip, i.e., return to its starting 
state. 

Next, FLOWER (see figure 4) was 
made by running CB, turning the tur- 
tle 51 degrees, and repeating these 
two actions six more times. Why 51 
degrees? Well, Janet just happened to 
pick that number. Why did 51 have 
that effect on CB? The answer lies in 
the fact that turning the turtle 51 
degrees seven times results in a total 
turning of 357 degrees, which is very 
close to a complete rotation of 360 
degrees. In this situation, Janet was 
satisfied; for her purposes, the design 
was complete. 

A more interesting question is: 
How did she know to probe the turtle 
environment in this way? She knew 
certain facts about turtles and turtle- 
directed procedures that she had 
gained from her experiences with the 
turtle. For example, if the turtle 
draws something and doesn't return 
to its starting state, repeat the pro- 
cedure. Something interesting will 
happen and eventually the turtle will 
come back to where it was initially. 
On the other hand, if the turtle does 
return to its starting state when it 
makes a design, change the turtle's 
heading and run the program again. 
In other words, Janet did not need the 
teacher's knowledge about the power 
of 360 degrees. Rather, she needed the 
idea of the total turtle trip that, trans- 
lated into intuitive knowledge, told 
her to keep repeating an action until 
the turtle returned to its starting state. 
Janet's learning style in this project 
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5: Initial design for the BEAR pro;- 
«... starting with the design on the top, 
Lisa added another circle to create an 
evolving design. 



Figure 6: Completed BEAR. Repeating the 
procedure to create the head, Lisa 
modified her learning style and created 
this design. 



and many others was that of a macro- 
explorer. 

The BEAR project was initiated by 
Lisa, an 11-year-old from an inner- 
city' school close to MIT. Lisa ap- 
proached the project as a micro- 
explorer. Although she had previous- 
ly written several procedures, Lisa 
showed great resistance to using them 
as building blocks. For example, after 
constructing a square procedure, she 
tried to reconstruct a square, as other 
micro-explorers might, by telling the 
turtle to move in incremental steps, 
e.g., FORWARD 1 1 , FORWARD 9, etc. 

I ' asked her to play with circles 
using CIRCLER or CIRCLEL pro- 
cedures, which require the radius as 
input. I encouraged her to try using 
circles of different sizes. She made the 
circles shown at the top of figure 5. I 
then encouraged her to do the same 
thing on the other side of the larger 
circle, as shown at the bottom of figure 
5 When asked what it reminded her 
of, she thought it looked like a bear's 
head. She then added the eyes and 
used the head for the body (see figure 
6). In so doing, I helped her shift 
modes from micro-explorer to plan- 
ner. , 
This project illustrates clearly that 

many ways can be used to arrive at a 



particular goal. Picking a starting 
state for the turtle influences the con- 
struction of the procedure. Whether 
the job is thought of in terms of sub- 
procedures or whether the design is 
first created by the student (whether 
by the mind's eye or on paper) and 
the turtle is made to trace the path 
etched on paper has important conse- 
quences in how the project is 
developed. 

If the design is to be taught to the 
turtle by breaking it up into parts, the 
programmer has to decide what 
building blocks are needed. This 
BEAR has several interesting features. 
It is made entirely of circles. The head 
and the body are identical. The proj- 
ect is easily changed to focus only on 
the head or to create, with minor 
modifications, a different animal (see 

figure 7). 

Both Lisa and I benefited from this 
project. She became a more confident 
problem-solver and tended to move 
away from her micro-explorer style 
of probing. She used a powerful 
mathematical idea, symmetry, in a 
playful but personally meaningful 
way, and used it throughout her proj- 
ect. L on the other hand, added to my 
collection of programming projects. 
We both followed our intuition. I was 
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Figure 7: Other animals created by modifying the BEAR procedure. 
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Figure 8: Other designs created by Lisa using Logo. 



£^ hopeful that when Lisa used circles as 
^ building blocks she would discover 

some lovely thing to make with them, 

and she did. 

A Model of Teaching and 
Learning as Debugging 

Turtle geometry is but one part of 
the Logo computer culture. Other 



elaborating the descriptions through 
debugging (testing procedures in real 
situations), getting concrete feedback 
on these actions, and adjusting the 
initial descriptions to take into ac- 
count these results, a person's ex- 
ploration in Logo will be furthered. 
The process of procedural description 
and debugging might be seen as a 
dynamic process of assimilation and 
accommodation, of making theories 
and revising them as a result of ex- 
perience and knowledge, but doing 
this playfully as an enjoyable activity 
involving one's whole self. 



areas of activity have been explored 
and many more are waiting to be ex- 
plored. Turtle geometry, however, 
serves to illustrate key characteristics 
of the culture, in particular, the idea 
of exploring an environment and the 
objects in it by manipulating them 
through a complex of interactions 
based on procedural descriptions. By 



Sharing in this learning process is a 
self -empowering experience for all 
participants. A different way of look- 
ing at learning and teaching emerges, 
one based on the Piagetian idea that 
even very young children have 
theories. Thus, teaching and learning 
are not a matter of being wrong or 
right, but rather a process of debug- 
ging. Learning and teaching are inter- 
twined and become a process of de- 
veloping debugging aids as knowl- 
edge gaps are discovered and filled in. 
The persons using computers are cast 
in the role of both student and teacher 
as they actively participate in devel- 
opment of the computer culture. 
They contribute to its richness and 
enrich their own lives. ■ 
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In the 1960s, computers were very 
expensive and didn't have much 
memory. A computer such as the 
IBM 1620 could store a maximum of 
24K bytes (or 60,000 decimal digits). 
Even the largest research computers 
could manage only six times that 
much. Since programs had to use 
memory sparingly, computer lan- 
guages were designed to reflect this 



Languages had to be simple tor tne 
computer, even at the expense of be- 
ing cumbersome for the programmer . 
For example, to help the compiler 
keep track of memory, most pro- 
gramming languages insisted on a 
close tie between the names used in a 
program and the storage cells in the 
computer memory. As a conse- 
quence, the only kinds of data objects 
that could be directly named and 
manipulated by program operations 
were those that could be stored in a 
single cell. The only data structures 
available were those whose size could 
be prespecified at compile time. Most 
languages also required the program- 
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mer to include bookkeeping "declara- 
tion" statements, or adhere to other 
restrictions on the use of names, to 
make it easy for the compiler to deter- 
mine what kind of storage each vari- 
able required. (For example, some 
languages required names beginning 
with I or J to refer to integers, arrays 
had to be declared together with their 
size, and defined functions had to 
have a name beginning with FN, 
followed by a digit.) 

The concern for conserving mem- 
ory permeated not only the language, 
but the computer system as a whole. 
For instance, if the system included a 
program editor, editing a line of code 
required the programmer to abort the 
program, load the editor, read a file, 
perform the edit, write a new file, exit 
the editor, recompile the edited code, 
and reload the program. All this 
because the editor and the language 
could not fit into main memory at the 
same time. 

The languages of the 1960s 
flourished with the personal com- 
puters of the 1970s, which, although 
no longer very expensive, still did not 
have much memory. As personal 
computers became more popular, 
people began to confuse the idea that 
a language that is simple for a com- 
puter would also be simple for peo- 
ple. ("BASIC has only a few primi- 
tives; therefore, it must be easy to 
learn.") Some people even rational- 
ized that the cumbersome features of 



such languages were actually advan- 
tages. ("Having to declare the data 
types of variables makes you organ- 
ize your programs better." "If it's too 
easy to edit programs, you won't 
write them carefully in the first 
place.") And when educators ex- 
plored the potential uses of com- 
puters, they often accepted the 
drawbacks of these languages as an 
integral part of programming. 

Over the past 12 years, the Logo 
Group at MIT under the direction of 
Seymour Papert, along with col- 
leagues at a few universities and re- 
search centers around the world, has 
taken a different approach to educa- 
tional computing. Rather than accept 
the limitations of affordable com- 
puters (by the standards of those 
days), we worked with the largest re- 
search computers available. The sys- 
tem we used, called Logo, is essential- 
ly a dialect of LISP, a powerful lan- 
guage developed for research in arti- 
ficial intelligence, and used a great 
deal of memory compared to stan- 
dards of the 1960s. (Some of the im- 
portant linguistic aspects of Logo are 
discussed in "Why Logo?" by Brian 
Harvey in this issue on page 163. For 
a more general perspective on LISP, 
see "An Overview of Lisp" by John 
Allen in the August 1979 BYTE, page 
10.) 

In working with Logo, we've dis- 
covered some important things. A 
computer language can be both sim- 
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FORWARD 1 50 
LEFT 45 



BACK 1 00 
LEFT 45 



PENUP 

FORWARD 50 
PENDOWN 
FORWARD 50 
HIDETURTLE 



Hgur. 1: Moving tne turtle wnn a nmp* sequence of Logo command.. FORWARD mooes *. turtle in the diction it is facing. 
RIGHT and LEFT -rotate the turtle. PENUP and PENDOWN ram and tower the pen-the turtle leaves a trace when ft moves with the 
pen down* 



pie and powerful at the same time. In 
fact, these two aspects are comple- 
mentary rather than conflicting 
because it is the very lack of ex- 
pressive power in primitive languages 
such as BASIC that makes it difficult 
for beginners to write simple pro- 
grams that do interesting things. 
More important, we've found that it 
is possible to give people control over 
powerful computational resources, 
which they can use as tools in learn- 
ing, playing, and exploring. This has 
often required us to go beyond ordi- 
nary considerations of computer-lan- 
guage design to create compelling im- 
ages of how computation can provide 
a perspective for reformulating tradi- 
tional ideas from science and mathe- 
matics to make them more accessible, 
more in tune with intuitive modes of 
thought. In our research at MIT, 
working with preschool, elementary, 
junior high, high school, college stu- 
dents, and with their teachers, we've 
used Logo to introduce programming 
and the computational perspective at 
all levels. In this article, I'd like to 
show you what it's like to program 
using Logo, a simple but powerful 
system, enabling you to explore with 
a computer. 



Drawing with the Turtle 

Let's begin with a look at some tur- 
tle graphics. The turtle is a small tri- 
angular pointer on the screen that re- 
sponds to a few simple commands. 
FORWARD moves the turtle in the 
direction it is facing a given number 
of units. If you type the Logo com- 
mand FORWARD 50, the turtle will 
respond by moving forward 50 turtle 
steps (about 1/4 the height of the 
screen). RIGHT rotates the turtle 
clockwise a given number of degrees. 
BACK and LEFT cause the movements 
opposite to FORWARD and RIGHT. 
The turtle also carries a pen, which 
leaves a trace of its path on the screen 
as it moves while the pen is down. 
The commands PENUP and 
PENDOWN make the turtle raise and 
lower the pen. Figure 1 shows the 
result of a simple sequence of Logo 
commands. 

It's lots of fun to make drawings by 
using these commands (together with 
a few others, such as CLEARSCREEN, 
which erases the screen). But in order 
to really make progress, you have to 
teach the computer some new words. 
For instance, you can teach the com- 
puter that the turtle can draw a 
square by repeating this sequence 



four times: go FORWARD 50 steps, 
turn RIGHT 90 degrees. The Logo 
commands would be: 

TO SQUARE 

REPEAT 4 [FORWARD 50 RIGHT SO] 
END 

SQUARE is an example of a Logo 
procedure. The first line (signaled by 
TO) specifies the name of the pro- 
cedure. This procedure happens to be 
called SQUARE (since that's what it 
draws), but you could have called it 
anything. The rest of the procedure 
(the procedure's body) specifies the 
list of instructions to be carried out in 
response to the command SQUARE; 
the word END indicates the end of the 
definition. 

Once defined in this way, SQUARE 
becomes part of the computer's 
vocabulary. Whenever you give the 
command SQUARE, the turtle will 
draw a square. 

Procedures with Inputs 

An important difference exists be- 
tween SQUARE and FORWARD. 
SQUARE always draws a square 50 
steps on a side. But FORWARD is more 
versatile; it takes an input that deter- 
mines how far the turtle should 
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Photo 1: A design created by a simple one-line Logo program that makes the turtle 
repeat these steps six times: go FORWARD 20 units, turn RIGHT 60 degrees, and draw 
a square of size 75 units. 



move. You can change the SQUARE 
procedure so that it also takes an in- 
put that determines the size of the 
square to be drawn. For example: 

TO SQUARE :S1ZE 

REPEAT 4 [FORWARD :SIZE RIGHT 90] 
END 

You use SQUARE just as you would 
any Logo command that takes an in- 
put. That is, to draw a square with 
100-step sides, you type: 

SQUARE 1 00 

To draw a square with 50-step sides, 
you type: 

SQUARE 50 

The definition of SQUARE illustrates 
the general rule for defining pro- 
cedures that take inputs. You choose 
a name for the input and include it in 
the procedure title line preceded by a 
colon. Then you use the input name 
(with the colon) in the procedure 



body wherever you would normally 
use the value of the input. 

Since a procedure, once defined, 
becomes just another word the com- 
puter "knows," you can use proce- 
dures as parts of the definitions of 
other procedures. Here's a procedure 
that produces a design by repeatedly 
going forward, turning, and drawing 
a square (see photo 1): 

TO DESIGN 

REPEAT 6 [FORWARD 20 
RIGHT 60 SQUARE 75] 
END 

Simple Recursive Procedures 

This next procedure also draws a 
square of a specified size: 

TO SQ :SIZE 
FORWARD .SIZE 
RIGHT 90 
SQ :SIZE 
END 

Although SQ and SQUARE both draw 
squares, they behave very differently. 



Instead of drawing a square and then 
stopping, SQ makes the turtle retrace 
the same path over and over, or until 
you tell the computer to stop. Here is 
why this happens. When you give the 
command: 

SQ 100 

the turtle must go FORWARD 100, 
RIGHT 90, and then do SQ 1 00 again, 
and so on, and so on. 

Add a second input to SQ and you 
obtain a procedure called POLY, 
which repeats over and over the se- 
quence: go FORWARD some fixed 
distance, and turn RIGHT some fixed 
angle. The procedure takes as inputs 
the size of each FORWARD step and 
the amount of each turn: 

TO POLY :SIZE .ANGLE 
FORWARD :SIZE 
RIGHT :ANGLE 
POLY :SIZE :ANGLE 
END 

To use the POLY procedure, type the 
word POLY, followed by specific 
values for the inputs: 

POLY 60 1 44 

Figure 2 shows some of the many dif- 
ferent shapes obtained by calling 
POLY with various inputs. 

Recursion is the programming 
word to describe the ability to use a 
procedure as part of its own defini- 
tion. SQ and POLY are recursive pro- 
cedures of a very simple form — they 
merely repeat an unchangeable cycle 
over and over. But recursion is a 
much more powerful idea and can be 
used to obtain much more compli- 
cated effects. To take just a small step 
beyond the purely repetitive kind of 
recursion, consider: 

TO POLYSPI :SIZE -.ANGLE 
FORWARD :SIZE 
RIGHT :ANGLE 
POLYSPI :SIZE + 3 :ANGLE 
END 

Giving the command 

POLYSPI 1 1 20 
leads to this sequence of turtle moves: 





POLY 50 1 20 



POLY 50 1 60 





POLY 60 80 



POLY 80 1 44 



Figure 2: These shapes are all drawn by the three-line Logo program POLY, wntcn nas 
the turtle go FORWARD some fixed amount turn RIGHT some fixed angle, and repeat 
this over and over. The figures drawn by POLY always close, but the number of sides 
that must be drawn before the figure closes depends upon the ANGLE input to the pro- 
cedure. 







Figure 3: Figures created using POLYSPI. A variant of POLY (see figure 2), the program 
takes advantage of recursion to increase the turtle's FORWARD step each time the pro- 
cedure calls itself. The result is a polygonal spiral As with POLY, varying the ANGLE 
input changes the symmetry of the pattern. 



FORWARD 1 
RIGHT 1 20 
FORWARD 4 
RIGHT 1 20 
FORWARD 7 
RIGHT 1 20 
FORWARD 1 0 
RIGHT 1 20 



which produces a triangular spiral in 
which each of the sides is three steps 
larger than the previous side. Figure 3 
shows some of the shapes generated 
by the POLYSPI procedure. As a 
variant, you can replace the 
FORWARD step in POLYSPI by a com- 
mand that draws a square: 

TO SP1NSQUARE :SIZE :ANGLE 
SQUARE :SIZE 
RIGHT .ANGLE 

SPINSQUARE :SIZE + 3 '.ANGLE 
END 

The result of running 

SPINSQUARE 1 1 0 

as shown in figure 4 is a sequence of 
squares of increasing size starting 
with a square of one-step size. Each 
square is three units larger than the 
previous one and rotated from it by 
10 degrees. The procedure keeps run- 
ning and the squares keep growing 
until you tell Logo to stop. You can 
also modify the procedure so that it 
stbps when the squares become larger 
than a certain size (e.g., 100 steps) by 
including a stop rule: 

TO SPINSQUARE :SIZE :ANGLE 
IF :SIZE > 100 THEN STOP 
SQUARE :SIZE 
RIGHT :ANGLE 

SPINSQUARE :SIZE + 3 : ANGLE 
END 

Part of the power of recursion is the 
fact that such simple programs can 
lead to such varied results. 



An Environment for Exploring 

As you can see from the examples 
presented so far, it is very easy to get 
started programming with turtle 
graphics. This is partly because of the 
subject matter of turtle graphics. The 
basic commands have simple, visible 
effects. At the same time, turtle 
graphics is an incredibly rich area for 
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Figure 4: SPINSQU ARE is a simple recur- 
sive pr ogr am that draws a square of a 
given size, rotates it, increases the size, 
and continues the process. 



exploration in which even simple pro- 
grams can have unexpected, often 
beautiful results. The small amount 
of Logo we've seen so far is enough to 
support weeks of activities in pro- 
gramming and mathematics, explor- 
ing such questions as "How does the 
shape of a POLY figure depend on the 
angle input?" or "Why do so many re- 
peated programs produce symmetric 
designs7" or simply creating beautiful 
patterns. Andrea diSessa and I 
describe some of the mathematics 
that arises from investigating this 
computer-based approach to geom- 
etry in the book Turtle Geometry: 
The Computer as a Medium for Ex- 
ploring Mathematics (Cambridge, 
MA: MIT Press, 1981). 

In addition to the subject matter, 
the system interaction also plays a 
crucial role. When people explore 
using Logo, they are continually 
defining new procedures and modify- 
ing old ones. A typical compiler- 
oriented system, in which changing a 
definition requires switching back 
and forth among separate editors, 
compilers, and linking loaders, is in- 
appropriate for this kind of activity. 
Much of the effort in implementing 
Logo has gone into providing a pro- 
gramming environment that makes it 
easy to define and modify proce- 
dures. The Texas Instruments and 
Apple implementations of Logo in- 
clude integrated screen editors. G-v- 
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ing the command TO or EDIT activates 
the screen editor, with the appropri- 
ate procedure definition ready to be 
modified. A single keystroke installs 
the new definition as a Logo pro- 
cedure. 

The success of turtle geometry is 
due in large part to the fact that in de- 
signing it we did not view ourselves 
solely as mathematicians and educa- 
tors attempting to invent a new ap- 
proach to geometry, nor as computer 
scientists attempting to implement a 
system. Instead, we tried to take both 
perspectives, continually tailoring the 
computer system to fit the mathe- 
matics, and vice versa. 

Outputs 

We've already seen how to define 
procedures that require inputs. You 
can also make a procedure output a 
value. For instance, the following 
procedure takes two numbers as in- 
puts and outputs their average: 

• 

TO AVERAGE :X :Y 
OUTPUT (:X 4- :Y) / 2 
END 

The result returned by AVERAGE can 
be examined directly (using PRINT) or 
used in turn as an input for other op- 
erations: 

PRINT (AVERAGE 2 3) 
2.5 

PRINT (AVERAGE 1 2) + (AVERAGE 3 4) 
5.0 

PRINT (AVERAGE (AVERAGE 1 2) 3) 
2.25 

Note the Logo convention of using 
parentheses to group a procedure 
with its inputs. Although parentheses 
are almost always optional in simple 
Logo lines, it is a good idea to include 
them because they make the lines 
easier to read. 

Programming with Procedures 

A Logo program is typically struc- 
tured as a cluster of procedures. 
These procedures pass information 
among themselves by means of inputs 
and outputs. The advantage of this 
kind of organization is that it sepa- 
rates the program into manageable 
pieces, as each procedure can be sim- 
ple in itself. Even in a complex pro- 
gram, it is unusual to have an in- 



dividual procedure that is more than 
a few lines long. In addition, the inte- 
grated Logo editor and the general in- 
teractive nature of the Logo system 
enable you to define and test in- 
dividual procedures separately. 

To illustrate procedural organiza- 
tion, let's design a simple game that's 
played as follows. The computer 
chooses at random a "mystery point" 
on the screen, and asks the player to 
make successive LEFT and FORWARD 
moves with the turtle. Before each 
move, the computer prints the turtle's 
distance from the mystery point. The 
goal is to get the turtle very close to 
the point in as few moves as possible. 
Here's a transcript of the game in ac- 
tion. The computer's responses are 
printed in italics to distinguish them 
from what the player types: 

DISTANCE TO POINT IS 67.6 
TURN LEFT HOW MUCH? 
0 

GO FORWARD HOW MUCH? 
25 

DISTANCE TO POINT IS 90.25 
TURN LEFT HOW MUCH? 
180 

GO FORWARD HOW MUCH? 
50 

DISTANCE TO POINT IS 47.38 



And finally: 

DISTANCE TO POINT IS 12.08 
YOU WON IN 1 1 MOVESI 

The heart of the program is a pro- 
cedure called PLAY. This takes as in- 
put a number M, which indicates the 
number of moves so far. PLAY first 
checks to see if the player has won. If 
so, it prints a message saying how 
many moves have occurred, and 
stops. Otherwise, it asks the player to 
make a move, and goes on to the next 
round, with M increased by 1: 

TO PLAY :M 

TEST CHECKWIN? 

IFTRUE (PRINT [YOU WON INI 

:M [MOVESU) 
IFTRUE STOP 
MAKEMOVE 
PLAY :M + 1 
END 

The PLAY procedure is simple in itself 



because it delegates the problems of 
testing for wins and making moves to 
the procedures CHECKWIN? and 
MAKEMOVE. 

Here's MAKEMOVE, which prompts 
the user for angles and distances, and 
moves the turtle correspondingly. It 
uses a subprocedure READNUMBER, 
which returns a number typed in at 
the keyboard: 

TO MAKEMOVE 

PRINT {TURN LEFT HOW MUCH?] 

LEFT READNUMBER 

PRINT [GO FORWARD HOW MUCH?] 

FORWARD READNUMBER 

END 

To check for a win, the program 
must test whether the turtle's position 
is close to some predetermined point 
(e.g., 20 steps). The Logo primitive 
operations XCOR and YCOR return 
the turtle's x and y coordinates. Well 
suppose that the x and y coordinates 
of the hidden point are given by vari- 
ables XPT and YPT. If you assume 
there is a procedure DISTANCE that 
returns the distance between two 



points, the CHECKWIN? procedure 
can be written as follows: 

TO CHECKWIN? 

MAKE "D DISTANCE XCOR YCOR 

:XPT :YPT 
(PRINT [DISTANCE TO POINT IS] 

:D> 

IF :D < 20 OUTPUT "TRUE 

OUTPUT "FALSE 

END 

CHECKWIN? returns as its value either 
TRUE or FALSE, which is the result 
that is tested by PLAY to determine 
whether the game is over. Observe 
also the use of the MAKE statement to 
assign values to variables. In this 
case, D is used to designate the 

distance. 

W^HB^B w^P^V • 

Here is the procedure for comput- 
ing the distance between two points, 
as the square root of the sum of the 
squares of the coordinate 



TO DISTANCE :A :B :X :Y 

MAKE "DX :A - :X 

MAKE "DY :B - :Y 

OUTPUT SORT (:DX*:DX + :DY*:DY) 

END 
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Now you need a procedure 
the game: 



TO GAME 
CLEARSCREEN 

MAKE "XPT RANDOMCOORD 
MAKE "YPT RANDOMCOORD 
PLAY O 
END 

This clears the screen, assigns values 
(chosen at random) to the mystery- 
point coordinates XPT and YPT, and 
calls PLAY with an initial M equal to 
zero. 

The following procedure, used to 
select random coordinates, returns a 
random number between — 75 and 
+ 75. It works by calling the Logo 
primitive RANDOM to obtain a ran- 
dom number between 0 and 150, and 
subtracts 75 from the result: 

TO RANDOMCOORD 

OUTPUT (RANDOM 150) - 75 

END 

The only thing needed to complete 
the program is READNUMBER, which 
returns a number input from the 
keyboard: 

TO READNUMBER 
OUTPUT FIRST REQUEST 
END 

READNUMBER uses the Logo 
primitive REQUEST, which waits for 
the user to type a line, and then 
returns a list of all the items in that 
line. The desired number is extracted 
as the first item of the input list. 
(Well talk about lists below.) 

Actually, it might be better to 
design READNUMBER so that it checks 
to see if the item to be returned is in- 
deed a number, and to complain 
otherwise: 



TO READNUMBER 
MAKE "TYPEIN FIRST REQUEST 
IF NUMBER? :TYPEIN OUTPUT 
rTYPEIN 

PRINT [PLEASE TYPE A NUMBER] 

OUTPUT READNUMBER 

END 

Notice the final line of the procedure. 
Its effect is to make READNUMBER try 
again for an input until it gets a 
number, as many times as necessary. 
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• Detects typos, punctuation and 
capitalization errors, misused words 
and phrases 

• Analyzes Writing Style 

• Suggests Alternative Usages 

= NO ERRORS 

"The programs together (Proofreader and 
Grammatik) offer a dynamic tool for 
comprehensive editing beyond spelling 

corrections." 

-Dona Z. Meilach in Interface Age. 5/82 

"Grammatik is the perfect complement to a 
spelling check program. " 
-Dr. Alan R. Miller in Interface Age, 5/82 

"If vou use a word processor and a spelling 
checker, then you should investigate the unique 
capabilities of this program. Grammatik is a 
surprisingly fast and easv to use tool for 
analyzing writing style and punctuation. " 

-Bob Louden in InfoWorid, 12/81 
" For the user who is as tight with his dollar as I. 
Proofreader is the program of choice. " 

-Stephen Kimrnd in Creative Computing. 3/82 
"Anyone involved with word processing in any 
way. whether writing manuals, letters, 
brochures, newscopy. reports, etc. is encouraged 
to get the excellent program Grammatik." 
—A. A. Wicks in Computronics, 6/82 

Grammatik and Proofreader are compatible with ail 
CP/M. MS-OOS (incl. IBM-PC), and TRS-80 word 
processors. Current CP/M formats, standard 8". 
Nortnstar. Omikron. Osborne. Apple. Please call/or 
write for details of minimum system sizes and availaPility 
of additional disk and operating system formats. 
Shipping costs included. Please specify your system 
configuration when ordering. Dealers inquiries 
invited. 



Proofreader Grammatik Botn 

CP/M. MS-DOS $12a00 $150.00 $250.00 

TRS-80 Model II rva $99.00 

TRS-80 Mod. I/Ill $89.00 $59.00 $139.00 

Random House is a registered trademark of Random 
House. Inc. Other registered trademarks: CP/M: Digital 
Research: TRS-80: Tandy Corp.; MS-OOS: Microsoft 
IBM: IBM: Proofreader. Grammatik: Aspen Software Co. 



iLspen Software Co. 

P.O. Box 339-B Tijeras. NM 87059 
(505) 281-1634 



This makes the game behave as 
toiiows: 

GO FORWARD HOW MUCH? 
FJKSL 

PLEASE TYPE A NUMBER 
FIFTY 

PLEASE TYPE A NUMBER 
50 



BUTFIRST [[PETER PAN] 
WENDY J0HN1 

it is [WENDY JOHN). 

The FPUT operation takes the two 
objects x and y and constructs a list 
whose FIRST is x and whose 
BUTFIRST is y. For example: 

FPUT 5 [2 BUCKLE MY SHOE! 




Lists 

We've seen that Logo's procedural 
organization makes it an easy and 
convenient language for writing pro- 
grams. Most modern programming 
languages are, in fact, procedurally 
organized, although few languages 
make it so easy to interactively define 
and modify procedures as does Logo. 

A much more special aspect of 
Logo is the way it handles collections 
of data. This is done using lists. A list 
is a sequence of data objects. For 
example: 

[1 2 BUCKLE MY SHOE] 

is a list of five things. The items in a 
list can themselves be lists, as in: 

[[PETER PAN1 WENDY J0HN1 

which is a list of three items, the first 
of which is itself a list of two items. 
Similarly, we can have lists whose 
items are lists, and so on. Lists, there- 
fore, are a natural way to represent 
hierarchical structures, that is, struc- 
tures composed of parts that them- 
selves are composed of parts. 

Logo includes a number of opera- 
tions for manipulating lists. FIRST ex- 
tracts the first item of the list. In this 
example: 

FIRST [1 2 BUCKLE MY SHOE] 
it is 1, and in the next example: 

FIRST [[PETER PAN1 WENDY JOHN1 



produces the 
SHOE], and 



[5 2 BUCKLE MY 



FPUT [PETER PAN1 

[BUCKLE MY SHOE] 

produces the list [[PETER PAN] 
BUCKLE MY SHOE]. 

The SENTENCE operation, like 
FPUT, constructs larger lists from 
smaller ones, but in a slightly dif- 
ferent way. SENTENCE takes a 
number of lists as inputs and com- 
bines all their elements to produce a 
single list. For example: 

SENTENCE [PETER PAN] 
[BUCKLE MY SHOE] 

produces the list [PETER PAN BUCKLE 

MY SHOE]. 

The significant thing about lists in 
Logo is that they can be manipulated 
as what computer scientists call "first- 
class data objects." That is to say, 
Logo lists (as opposed, for example, 
to arrays in BASIC) can be: 

•assigned as the values of variables 

• passed as inputs to procedures 

• returned as the outputs of pro- 
cedures 

For instance, you can assign names to 
lists: 

MAKE "X [OOM PAH] 
MAKE "Y [HEIGH HO] 

and then refer to the values of these 
variables, so that BUTFIRST :X is the 
list [PAH], You can also combine 
operations on lists to produce more 
complex operations. For example: 



it is [PETER PAN1. 

The BUTFIRST operation returns 
the list consisting of all but the first 
item of the given list, so in 

BUTFIRST [1 2 BUCKLE MY SHOE] 
it is [2 BUCKLE MY SHOE], while in returns the word PETER. 



FIRST FIRST [[PETER PAN1 
WENDY JOHN] 
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Circle 248 on inquiry card. 



You can also write procedures that 
manipulate lists: 



TO DOUBLE :L 

OUTPUT SENTENCE :L :L 

END 

PRINT DOUBLE [OOM PAH1 
OOM PAH OOM PAH 

PRINT DOUBLE DOUBLE 

[OOM PAH] 
OOM PAH OOM PAH 

OOM PAH OOM PAH 

The implication of this is that you 
can combine operations on lists, 
much as you combine operations on 
numbers in ordinary languages. For 
example, one very useful list opera- 
tion is P1CKRANDOM, which chooses 
an item at random from an input list. 
PICKRANDOM is not provided as a 
primitive operation, but is easily con- 
structed out of simpler operations, 
such as finding the length of a list, 
selecting a random number in a given 
range, and extracting the nth item of 
a list. 



Playing with Text 

To illustrate how lists are used, let's 
examine a program that composes 
vacation postcards, such as: 



DEAR DOROTHY 
WISH YOU WERE HERE. 
LOVE - JOHN 

DEAR MARY 
EVERYONE'S FINE. 
WRITE SOON - AUNT EM 

You begin by setting up lists of 
names and phrases from which the 
elements of the postcard will be 
chosen: 



MAKE "NAMES 
[JOHN 
DOROTHY 
[AUNT EM] 
OCCUPANT] 

MAKE "PHRASES 

[[WISH YOU WERE HERE.] 
[WEATHER'S GREAT!] 
[SURF'S UP.] 
[EVERYONE'S FINE.]] 

MAKE "CLOSINGS 
[LOVE 

[SEE YOU SOON] 
[WRITE SOON]] 
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Here's the main postcard program: 



TO POSTCARD 

PRINT SENTENCE [DEAR] NAME 
PRINT BODY 

PRINT (SENTENCE CLOSING 

H NAME) 
POSTCARD 
END 

The recursive call in the last line 
makes the procedure keep printing 
new postcards over and over. (Com- 
pare the SQ and POLY procedures.) 

The procedures NAME, BODY, and 
CLOSING generate the elements of the 
postcard by selecting items from the 
appropriate lists: 



TO NAME 

OUTPUT PICKRANDOM :NAMES 
END 

TO BODY 

OUTPUT PICKRANDOM :PHRASES 
END 

TO CLOSING 

OUTPUT PICKRANDOM .CLOSINGS 
END 

You can change the postcard pro- 
gram so that it automatically aug- 
ments its repertoire of phrases by 
every so often (say, one chance in 
three) asking the user to type in a new 
phrase and adding that to the 
PHRASES. To do this, add to the 
POSTCARD procedure the line: 

IF 1 .IN.3 LEARN. NEW. PHRASE 

The 1 .IN.3 procedure returns TRUE 
with odds of one chance in three and 
FALSE otherwise. One possible way 
to write this procedure is: 

TO 1 .IN.3 

IF (RANDOM 3) - 0 OUTPUT "TRUE 

OUTPUT "FALSE 

END 

Here's how the program learns a 
new phrase: 



TO LEARN. NEW. PHRASE 
PRINT [PLEASE TYPE IN A NEW PHRASE] 
MAKE "PHRASES FPUT REQUEST 

:PHRASES 
END 

The idea is that REQUEST returns (as 
a list) the phrase that the user types in 
response to the message. This is 
added to PHRASES (by means of 



FPUT), so that the program will be 
able to use this phrase in future 
postcards, like: 

PLEASE TYPE IN A NEW PHRASE 
DON'T FORGET TO FEED THE DOG. 

DEAR OCCUPANT 

DON'T FORGET TO FEED THE DOG. 

LOVE - JOHN 



Another change you can make is to 
generate longer postcards, whose 
BODY consists of one or more 
phrases. One way to do this is to alter 
the BODY procedure as follows: 

TO BODY 

IF 1 .IN.2 OUTPUT SINGLE.PHRASE 
OUTPUT SENTENCE BODY 
SINGLE. PHRASE 

TO SINGLE.PHRASE 

OUTPUT PICKRANDOM -.PHRASES 

END 

This uses recursion in a devious way. 
Half the time you call BODY, it will 
output a single phrase, just as before. 
(The procedure 1 .IN.2 is analogous to 
the 1 .IN.3 procedure above.) But the 
other half of the time, it recursively 
generates a new BODY and combines 
this (using SENTENCE) with a single 
phrase. The new (recursively called) 
BODY will itself generate a single 
phrase only half the time. Otherwise, 
it will call a third BODY. The result is 
that a call to body will generate a 
single phrase about half the time, two 
phrases about one-fourth of the time, 
three phrases about one-eighth of the 
time, and so on. 

Here's the final postcard program 
in action: 

DEAR AUNT EM 

SURF'S UP. DON'T FORGET TO 

FEED THE DOG. 
WRITE SOON ~ DOROTHY 

PLEASE TYPE IN A NEW PHRASE 
GET THE MONEY IN SMALL BILLS. 

DEAR OCCUPANT 

WEATHER'S GREATI WISH YOU 
WERE HERE. GET THE 
MONEY IN SMALL BILLS. 

SEE YOU SOON - JOHN 



Circle 203 on Inquiry cara. 
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(2b) 

Photos 2a and 2b: 7x00 tiling patterns constructed from the same basic figure (a triangle 
within a square). The differences in the patterns are due to using different orientations 
when the basic figure is combined into "higherAevel" patterns. 



Text-generation procedures are fun 
to write and to play with and also 
easy to modify. You can make them 
as elaborate or as simple as you like 
and apply the same ideas to produc- 
ing essays, poems, love letters, and so 
on. The idea of generating a random 
postcard program is based on work 
done at MIT by Neil Rowe, whose ar- 
ticle "Grammar as a Programming 
Language" {Creative Computing, 
January/February 1978) contains 
many other examples of text-genera- 
tion procedures. It also shows how to 
implement, in Logo, a special-pur- 
pose "sublanguage" for creating such 
programs. 

Recursive Tiling 

The success of Logo as a catalyst 
for learning involves much more than 
the Logo language itself, although the 
language does play a crucial role. The 
best kind of Logo activity is a synthe- 
sis of programming, mathematics, 
aesthetics, and, above all, the oppor- 
tunity to explore. One particularly 
striking example of this is the "recur- 
sive tiling" program invented by 
Andrea diSessa and Doug Hill. This 
scheme enables you to write simple 
procedures that draw patterns such as 
the ones shown in photos 2 and 3, 
giving you literally billions of possi- 
bilities to examine and explore. 

The idea is as follows. Suppose you 
have a program that draws a pattern 
inside a square of some given size. By 
scaling the pattern size in half and 
gluing together four copies, you ob- 
tain a more complex pattern in the a 
square of the original size, as shown 
in figure 5a on page 108. In fact, you 
can generate many different patterns 
from a single pattern because each 
copy of the original pattern that you 
place in each corner square can be 
rotated through an arbitrary multiple 
of 90 degrees, as shown in figure 5b. 

To convert this idea into a com- 
puter program, suppose you have a 
procedure called PROC that draws a 
pattern in a square. Assume that 
PROC takes an input S that specifies 
the size of the square, scaled so that S 
is equal to half the diagonal of the 
square. Assume also that PROC is de- 
signed to begin drawing with the tur- 
tle at the center of the square pointing 
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at a vertex, and to end with the turtle 
in the same state. 

Now suppose you have a square of 
size S divided into four "corner 
^toiares" each of size S/2. The follow- 
^Pl process is designed to start with 
the turtle at the center of the square, 
facing one of the corners. It draws a 
copy of the PROC design in that cor- 
ner square and returns the turtle to 
the center of the larger square. Then 
it turns the turtle 90 degrees to point 
at the next corner square. The steps in 
the process are: 

1. Move the turtle FORWARD a dis- 
tance of S/2. This brings the turtle 
to the center of the small square, 
pointing at a vertex of that 
square. 

2. Run the procedure PROC with an 
input of S/2 (half the diagonal of 
the smaller square). This draws 
the pattern and leaves the turtle at 
the center of the small square. 

3. Move the turtle BACK a distance 
of S/2 to return it to the center of 
the larger square. 

^^Rotate the turtle 90 degrees. 

In addition, before performing step 2, 
you can rotate the pattern through a 
multiple of 90 degrees. If you do this, 
you should perform the opposite 
rotation at the end of step 2, so that 
the turtle will end up facing in the 
same direction from which it started. 

The following CORNER procedure 
implements this strategy. CORNER 
takes three inputs. The first, A, is a 
multiple of 90 degrees to be turned 
before drawing the pattern (A is an in- 
teger from 0 to 3). The next, input, 
PROC, is the name of the procedure 
that draws the pattern. PROC is 
assumed to take one input that speci- 
fies the size of the pattern. The third 
input to CORNER is a number S that 
specifies the size of the square. The 
procedure is used as follows: 





TOCORNER :A :PROC :S 
§ fcjVARD :S/2 
^Pr 90 * :A 

DRAWRGURE :PROC :S/2 

LEFT 90 * :A 

BACK :S/2 

RIGHT 90 

END 



(3b) 



Photos 3a and 3b: Two tiling patterns constructed on the same basic triangle as in 
photos 2a and 2b. All four patterns use the gluing scheme shown m figures 5a and 5b 
and photos 4a, 4b, and 4c, extended to four levels. 
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shown in photo 4a. (In accordance 
with general gluing strategy, TFH 
should be a procedure that takes one 
input that specifies the size of the 
square.) For comparison, photo 4c 
shows a different 



GLUE2 [TRI1 1 00 

Now comes the clever idea. The 
GLUE procedures enable you to glue 
together four copies of any pattern. 
On the other hand, entering 

GLUE1 [TRU 100 

is also a command that draws a pat- 
tern in a square. In fact, the list 
[GLUE1 [TfWL when combined with a 
size (via the DRAWRGURE proce- 
dure), produces a command that 
draws a pattern in a square of the 
specified size. Therefore, you can use 
a GLUE procedure to glue together 
four of these patterns, for example: 

GLUE1 [GLUE1 [TRIU 100 



or 



GLUE2 [GLUE1 [TRI11 100 



(4c) 

Photo 4- Photo 4a shows a triangle inside a square, as drawn by the procedure TRI. 
^The square, shown here in color, I not drawn by TRI. Photos 4b and 4c show £j£ 
ferent one-level gluings of the TRI procedure to form a more complicated figure inside a 
ciikxLsin. in photos 2a, 2b, 3a, and 3b are four-level gluings based on 
the same TRI figure. 



But again, each of these "two-level" 
gluings is itself something that can be 
glued, so you can make three-levd 
patterns such as 

GLUE2 [GLUE1 [GLUE2 [TRI]]] 100 

and so on and so one. The patterns 
shown in photos 2a, 2b, 3a and 3b 
are, in fact, all four-level gluings 
based on the same TRI procedure, 
using different rotations at the 
various levels. 

There's an enormous range of pos- 
sibilities to investigate here. Four 
levels of gluings with 256 orientation 
choices at each level give 256 4 or 
more than 4 billion possible four-level 
gluings, all from a single base patternl 
(The number of distinct patterns is 
reduced by various symmetries in the 
gluing process, which is itself an in- 
teresting phenomenon to explore.) 
For more variety, you can try dif- 
ferent base patterns, or even develop 
different gluing schemes, such as the 
one derived from dividing an equilat- 
eral triangle into four smaller equilat- 
eral triangles. (See Turtle Geometry 
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PLUG COMPATIBLES FOR PERSONAL COMPUTERS 



for more investigations with "recur- 
sive designs.") 

The Computational Perspective 

Logo is often described as a pro- 
gramming language. Those of us who 
designed Logo tend to think of it 
rather as a computer-based learning 
environment, where the activities (ex- 
ploring the symmetry of POLY) are 
just as integral as the programming 
tools used (recursion and lists). Logo 
is also a continually evolving en- 
vironment, and the microcomputer 







• 






appeared during the past year are 
only the first to be widely available. 
We plan to extend Logo to incor- 
porate new linguistic features, such as 
the "message passing" facilities found 
in Smalltalk and recent implementa- 
tions of USP (see the August 1981 
issue of BYTE for an overview of 
Smalltalk), as well as new activities, 
such as a computer-based physics 
curriculum that builds upon turtle 
geometry. At the MIT Laboratory for 
Computer Science, the Educational 
Computing Group is designing a 
follow-on system to Logo suitable for 
the new generation of personal com- 
puters that will be coming into use 
during the latter half of the 1980s. 

The next few years will be exciting 
ones in educational computing 
because personal computers are be- 
coming powerful enough to support 
systems that are designed for the con- 
venience of people rather than for the 
convenience of compilers. If we can 
dispel the delusion that learning 
about computers should be an activi- 
ty of fiddling with array indexes and 
worrying about whether X is an in- 
teger or a real number, we can begin 
to focus on programming as a source 
of ideas. For programming is an ac- 
tivity of describing things. The de- 
scriptions are phrased so that they 
can be interpreted by a computer, but 
that is not really so important. Com- 
putational descriptions, like those of 
science or mathematics, provide a 
perspective, a collection of "tools of 
thought," such as procedural organi- 
zation, hierarchical structure, and 
recursive formulations. Logo, and 
languages like it, will help make these 
tools available to everyone. ■ 
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Logo in the Schools 

Putting Logo in the classroom has led 
to some interesting results. 



In the IS years since its develop- 
ment, the Logo computer language 
has been used in a variety of research 
and educational settings. Students 
from preschool to graduate school; 
those with severe physical, mental, 
and emotional handicaps; and 
students with outstanding ability in 
science and mathematics have been 
involved with Logo. It has been used 
in educational settings to: 

•provide an environment for ex- 
periential learning of mathematics 
•promote the development of 
problem-solving abilities 
• serve as an introductory program- 
ming language that helps students 
learn principles of structured pro- 
gramming 
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•serve as a vehicle for computer 
literacy, helping students develop a 
sense of personal control of a com- 
puter 

•support the learning of students 
who, for one reason or another, have 
not been successful in traditional 
classrooms 

•provide the basis for learning en- 
vironments in a number of subject 
areas, including music, language arts, 
fine arts, physics, biology, and 
mathematics 

• form a foundation for an entirely 
new kind of school based on Pia- 
getian approaches to teaching and 
learning, using computers as all- 
purpose tools to facilitate learning 

Each time Logo has been intro- 
duced into a school, certain objec- 
tives have been emphasized at the ex- 
pense of others. This article deals 
with four different Logo projects and 
describes the settings, the goals of 
each project, and some of the known 
results. In some cases, I have drawn 
on the published reports listed in the 



references. Where published reports 
are not available, I have relied on 
visits and interviews with people 
directly involved. Each of the projects 
has had many dimensions that are not 
included here because of space limita- 
tions. For further information, read 
the reports cited in the references or 
contact the projects. 

Each project had a different type of 
student population, different choice 
of goals, and different kinds of 
results. 

The Edinburgh Logo Project, Depart- 
ment of Artificial Intelligence, 
University of Edinburgh, Edinburgh, 
Scotland, dealt with 12- and 13-year- 
old boys attending a private school 
adjacent to the university. It focused 
on the use of Logo to create an en- 
vironment for learning to think 
mathematically and on developing 
new methods to teach the content of 
conventional school mathematics. 
The Brookline Logo Project, con- 
ducted as a collaboration between the 
MIT Logo Group and the public 
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Photo 1: Preschool students using TI Logo at the Lamplighter School, Dallas, Texas. Photo courtesy of Texas Instruments Inc. 



schools of Brookline, Massachusetts, 
had two very different phases. In the 
first, a laboratory was set up with 
four computers. The emphasis of the 
research was to observe and docu- 
ment what a group of sixth-grade 
students actually learned, rather than 
assess whether they had achieved a 
set of preplanned objectives. 

The second phase of the Brookline 
Logo Project involved placing com- 
puters in fourth- through eighth- 
grade classrooms for several weeks at 
a time. This project emphasized the 
development of curriculum materials 
to support the learning of Logo as one 
activity in a multifocused classroom. 
The Computers in Schools Project, 
conducted by the New York 
^^ademy of Sciences in conjunction 
^Bi the New York Public Schools, 
provided training for elementary and 
junior high school teachers to use 
Logo as a permanent feature of their 
classrooms. The major focus of this 
project has been implementation in 



the school, training and supporting 
teachers to ensure successful use of 
Logo in the classroom. 
The Lamplighter School Logo Proj- 
ect, conducted at a private school in 
Dallas, Texas, for students aged 3 to 
9, is the most ambitious Logo project 
to date. Conducted as a joint effort 
with the school, the MIT Logo 
Group, and Texas Instruments, the 
project was intended to provide the 
school with enough computer hard- 
ware that access to computers would 
not be a limitation on what the 
students could learn. Logo would be 
taught to all students and teachers, 
from nursery school through grade 
four. Eventually, the project was ex- 
pected to enhance learning in many 
areas as it facilitated the use of the 
computer as a multipurpose learning 
tool throughout the curriculum. The 
Lamplighter School also served as the 
primary test site for the development 
of the Texas Instruments implementa- 
tion of Logo. 



The Edinburgh Logo Project 

The objective of the Edinburgh 
Logo Project was to discover whether 
the students' ". . . ability to do 
mathematics and to talk about their 
mathematics was changed by explor- 
ing mathematical problems through 
[Logo] programming." The quotes in 
this section are taken from Teaching 
Mathematics Through Logo Pro- 
gramming: An Evaluation Study, by 
Howe, O'Shea, and Plane (see 
references section 1). The students 
were a group of 11 sixth-grade boys 
from the George Herriot School, a 
private school near the university. 
They were selected from the school's 
lowest-level math group. 

The project lasted for two years, 
during which the students attended a 
Logo lab at the university. For the 
first year, the students worked 
through a set of graded worksheets to 
learn the basic elements of Logo. For 
the second year, they did special Logo 
exercises designed to teach topics 
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selected from their regular mathe- 
matics curriculum. 

The project was highly structured 
in several respects. The students' 
learning experiences were structured 
by means of assigned worksheets that 
they worked through in order, each 
at his own rate. In this way, re- 
searchers could effectively monitor 
the progress of each student. During 
the second year of the project, Logo 
activities were drawn from mathe- 
matical topics such as areas of rectan- 
gles, factors and multiples, positive 
and negative numbers, and plotting 
coordinates on graphs. 

The research aspect of the project 
was also carefully structured. 
Students were given standardized 
tests in mathematics before and after 
the project. Their progress was com- 
pared with that of a control group 
(drawn from boys in the second 
lowest-level math group). Both 
groups of boys, as well as their 
teachers, were also given a series of 
questionnaires designed to measure 
their attitudes toward mathematics. 



Great care was taken to see that the 
research design was carefully carried 
out. 

The published results of the project 
on student achievement were not 
very dramatic. Over the two years, 

Teachers found that 
students who had 
taken part in the Logo 
classes were more 
willing to "argue 
sensibly about 
mathematical issues" 
and to explain their 

"mathematical 
difficulties clearly." 



the experimental group improved a 
bit more than the control group on a 
"basic maths" test. The reverse was 
true on a "maths attainment" test. 
The most interesting finding had to 
do with the teachers' perceptions of 



the students in both groups. Teachers 
found that students who had taken 
part in the Logo classes were more 
willing to "argue sensibly about 
mathematical issues" and to explain 
their "mathematical difficulties clear- 
ly." This finding may have depended 
as much on the teaching approach 
used by the Logo teachers — as com- 
pared with the classroom mathemat- 
ics teachers — and on the individual 
assistance the Logo students received, 
as it did on the Logo activities them- 
selves. 

Conversations with some of the 
people involved indicate that a lot of 
interesting data about what and how 
the students learned was collected 
during this project. Unfortunately, 
little of that information has been 
analyzed or published. For people in- 
terested in teaching Logo, the most 
tangible results of the project may be 
the sets of worksheets developed to 
teach Logo concepts and mathe- 
matical applications. These represent 
a useful set of Logo teaching ideas- 
even if they are not used in the strictly 
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sequential format for which they 
were originally designed. Copies of 
student worksheets used in both years 
of the project are available from the 
linburgh Logo Group. 
The Edinburgh Logo Group has 
also been involved in several other 
educational projects. In one project, 
student teachers who were not math 
specialists were taught Logo to see 
how it would affect their teaching of 
mathematics. In another project pres- 
ently under way, computers have 
been installed in several schools so 
that the Logo curriculum can be 
taught by classroom teachers who 
Um-m taken a Logo training course. 

project is intended to give clearer 
results about the impact of Logo on 
the improvement of classroom per- 
formance in mathematics. 

In order to carry out the current 
study, the Edinburgh Logo Group im- 
plemented a version of Logo on the 
Terak computer system, an LSI-11- 
based system with high-resolution 
graphics. Disks for this version^ of 
L020 are available from the 



1. D1SPIAYDEF • Ocvelopwent Utility 
• Define 



burgh Logo Group. Other Logo im- 
plementation projects are under way 
for microcomputer systems widely 
available in Great Britain. 

The Brookline Logo Project 

The first Brookline Logo Project, 
funded by the National Science Foun- 
dation and conducted by the MIT 
Logo Group in collaboration with a 
public school in Brookline, Massa- 
chusetts, had a very different set of 
goals and results. In this case, 50 
sixth-grade students were given the 
opportunity to learn Logo in a com- 
puter lab established within the 
school. The work of 16 of these 
students, representing a full range of 
academic abilities and interests, was 
selected for study. 

The entire Logo learning experience 
of these students was carefully 
monitored and analyzed, document- 
ing what the students learned, what 
learning styles they used, and what 
types of choices they made. Some 
common material and ideas were pre- 
sented to all the students and intro- 
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ductory turtle geometry projects were 
stressed at the beginning of the proj- 
ect. Students also had the opportuni- 
ty to choose their own activities and 
went on to develop many different 
Logo projects, including a math quiz, 
word games and conversations, 
animations, geometric explorations, 
tic-tac-toe, and dynamic action 
games. The students were expected to 
be in charge. The teachers were there 
to help them accomplish their own 
goals. 

The results of the project indicate 
that Logo learning environments are 
suitable for many different kinds of 
students. All students, ranging from 
those who were academically gifted 
to those who had the poorest 
academic records, were successful in 
the Logo classes. The surprising suc- 
cess of students with learning 
disabilities led to a separate proposal 
to provide Logo training and equip- 
ment for teachers who specialized in 
this area. The final report of the proj- 
ect summarized the students' learning 
styles and analyzed what they learned 
in the areas of computer program- 
ming and mathematics. A second 
volume of the report traced the learn- 
ing experiences of each of the 16 
students individually. The report pro- 
vides a basis for an introductory Logo 
curriculum, as well as a rich source of 
project ideas suitable for students 
with widely divergent interests and 
abilities. 

The Brookline Logo Project was 
not very successful in obtaining "ob- 
jective" data about learning gains 
made by the students. Standardized 
tests had been rejected as irrelevant to 
the goals of the project (the ability to 
use turtle geometry is not measured 
by sixth-grade math tests). The prob- 
lem-solving tests and mathematical 
tests devised and administered by the 
project staff had inconclusive results. 
The problem of developing objective 
tests in such areas as problem solving 
or procedural thinking is still an open 
question for educational researchers. 

Another limitation of the project 
was that it required an extremely sen- 
sitive and knowledgeable teacher, 
with a great deal of time to consider 
the needs of each student. It was the 



hope of the project staff that the two- 
volume report, with its analysis of 
student learning and many examples 
of student projects, could be an effec- 
tive resource for teachers working in 
less ideal settings. The report was also 
intended as the basis of a Logo cur- 
riculum to be developed in subse- 
quent projects. 

The second Brookline Logo Project 
was also funded by the National 
Science Foundation to develop a cur- 
riculum supporting classroom use of 
Logo. Computers were placed in 
classrooms from grades four through 
eight. Teachers were provided with a 
small amount of training, and the 
project developed curriculum 
materials to be used by students and 
teachers. During the project, two 
computers circulated among several 
classrooms. Each classroom had ex- 
clusive use of a computer for 8 to 12 
weeks. During this time, students 
worked on their own at the com- 
puter, individually or in pairs, while 
the rest of the class went on with its 
regular work. About once a week, the 
entire class met for a lesson at which 



ideas would be shared, new concepts 
introduced, and assignments given. 

The curriculum materials devel- 
oped by the project are at two dif- 
ferent levels: an introductory Logo 
curriculum for grades four through 
six, and a set of advanced Logo proj- 
ects based on playing and modifying 
a set of "dynaturtle" games. The in- 
troductory curriculum includes step- 
by-step instructions for students, as 
well as a number of different types of 
project ideas. Teachers are given in- 
formation about everything from the 
physical arrangement of the com- 
puter in the classroom to the concepts 
the students will be learning, sugges- 
tions for whole class lessons, and a 
checklist to help them monitor stu- 
dent progress. 

The advanced activities focus on a 
series of dynaturtle games that can be 
used in two different ways. The 
games provide a microworld in which 
students can explore the behavior of 
the dynaturtle— a Logo turtle that has 
been programmed to follow Newton's 
Laws of Motion. Each game intro- 
duces a new factor to be considered. 



The first game involves making the 
dynaturtle hit a target, which forces a 
student to learn to control its momen- 
tum and understand something about 
how the vector quantities of force and 
momentum are combined. The sec- 
ond game involves driving the dyna- 
turtle around a circular racetrack, in- 
troducing some of the concepts in- 
volved in orbital motion. The third 
game, a version of the familiar Lunar 
Lander, introduces the effect of gravi- 
ty. The booklet accompanying the 
games contains many suggestions and 
challenges for the students that are 
designed to help them understand the 
physics concepts embedded in the 
games. (Also, see R. W. Lawler's 
"Designing Computer-Based Micro- 
worlds," in this issue on page 138.) 

Another method for using the 
dynaturtle games is as a program- 
ming project. The games are 
deliberately designed to be simple so 
that they lend themselves to many 
obvious improvements. Every stu- 
dent who has played them has had 
ideas for making them better and 
more interesting. A student booklet 



provides detailed suggestions for 
making a series of changes in each 
game. Students who have already 
learned simple Logo programming 
can learn some of the intermediate 
features of the programming 
language while using these games as 
models for the construction of 
elaborate programs from small 
modules. Students who have gone 
through these projects are ready to 
tackle any number of interactive pro- 
gramming projects of their own de- 
vising. 

Curriculum materials developed 
during the project are not yet publicly 
available. The MIT Logo Group is 
seeking a commercial publisher for 
them in accordance with the re- 
quirements of the National Science 
Foundation. 

One of the most interesting aspects 
of the second Brookline Logo Project 
was the way in which students 
emerged as Logo teachers. Because 
there was a group of "student 
experts" at the beginning of the proj- 
ect, seventh graders who had par- 
ticipated in the first project, teachers 



incorporated these students as tutors 
into their planning from the start. 

As the project went on, certain 
students from this group (and others) 
became known as experts at Logo 
programming and at managing the 
computer systems. Teachers through- 
out the school routinely began to ask 
these students for help when neces- 
sary. When the youngest students in 
the school, the fourth graders, were 
introduced to Logo, each student was 
assigned an upper-grade tutor for the 
first few weeks. Thus, the fourth 
graders developed a quick proficiency 
with the mechanics of the system and 
were able to begin their own projects 
very quickly. 

A related aspect of the project was 
the way that students in the same 
classroom worked together on Logo 
activities. During the first Brookline 
Project, student interaction had been 
limited by the arbitrary manner in 
which groups were assigned to the 
laboratory. In the classrooms, 
students formed natural groupings to 
share ideas and help each other. Proj- 
ect ideas and "secret knowledge" of 



how to do certain things were passed 
among the students by word of 
mouth. The result of using students as 
teachers and working partners was a 
reduction in the teachers' role as 
source and authority, and the crea- 
tion of a student-based Logo culture. 

It had been assumed at the start 
that teacher knowledge would be a 
major limiting factor in what the 
students could achieve. It turned out 
that this was not the case. The limita- 
tions on student knowledge were 
what limited what other students 
could learn. A strategy was devised 
to support the transfer of knowledge 
from student to student. Once a 
week, an after-school student interest 
group met to work on projects and 
share ideas. This gave the students in- 
volved an opportunity to further 
their own Logo knowledge, to in- 
crease their store of project ideas, and 
to develop more consistent ways of 
thinking about how Logo works. All 
this made them much more effective 
in their informal role as spreaders of 
the Logo culture. 

Because the project focused 
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primarily on curriculum develop- 
ment, there was no opportunity for a 
study of the role of students as 
teachers and the impact of this on the 
roles of classroom teachers as tradi- 
tional authority figures and sources 
of all school learning. This type of 
situation is becoming quite common; 
students know more about the com- 
puters than their teachers because 
they have more time to develop and 
share their expertise. The use of 
students as teachers should be a 
serious consideration for teachers, re- 
searchers, and curriculum developers 
as computers continue to spread into 
the schools. 



Computers in the Schools — 
New York City 

The Computers in the Schools 
Project, conducted by the New York 
Academy of Sciences in collaboration 
with New York City School Districts 
2, 3, and 9, provides teachers with 
training and support to teach Logo in 
their own classrooms. The project in- 
volves students in grades two through 
nine from a full range of socio- 
economic backgrounds. Like the sec- 
ond Brookline Project, the computers 
are located in elementary and middle 
school classrooms. A major dif- 
ference is that the teachers have had 
an extensive training period and each 



classroom is assigned a computer for 
the entire year. 

The project began in the summer of 
1980 with a three-week training pro- 
gram for 11 teachers and a principal. 
An expanded training program in the 
summer of 1981 included eight more 
teachers from each of the three school 
districts. During the year, project 
staff members made weekly visits to 
each participating classroom. 
Teachers also attend a monthly 
seminar held at the New York 
Academy of Sciences. 

Although the project has not yet 
published any progress reports, the 
staff believes it has been successful in 
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90 to 95 percent of the classrooms in- 
volved. In a conversation with proj- 
ect coordinator Michael Tempel, he 
defined "success" in the following 
terms: "The positive educational 
benefit was obvious I Kids were en- 
gaged in valid intellectual and social 
processes. You could see them devel- 
oping. ... We have seen striking 
changes in kids' relationships to 
schools and learning; kids who had 
not been successful in school got 
turned on." 

Like the second Brookline project, 
the Computers in the Schools Project 
found that interaction among 
students has been a major positive 
consequence of having Logo in class- 
rooms. Although Tempel stressed 
that to remain effective the Logo en- 
vironment requires "measured and 
periodic input from the teacher/' he 
has been struck by how much work 
the students do without teacher inter- 
vention. The activity "has a real 
quality of self-sufficiency" for the 
students. 

f One important condition of the 
project has been the insistence that 
each classroom have at least one com- 
puter for an entire year. Tempel 
believes that access to computers has 
been a major element in the success of 
the project. Another condition was 
that all the teachers involved had to 
volunteer for the project and take the 
summer training without additional 
pay. This helped ensure that teachers 
had a direct personal stake in the 
project. Such factors should not be 



underestimated when comparing this 
to other Logo projects or considering 
it as a model for implementing Logo 
in other school districts. 

When the formal project ends this 
year, the teachers who have already 
been trained are expected to carry out 
future training and support activities 
on their own. Teachers in each of the 
three districts will have the respon- 
sibility for training and support in 
their own district. The Logo Learning 
Center, established by Logo Com- 
puter Systems Inc., will function as 
an informal meeting place, providing 
a mechanism for teachers to stay in 
touch, share ideas, and receive addi- 
tional training. 

The future of the Computers in the 
Schools Project itself involves an am- 
bitious proposal to create a "magnet 
school" for the three districts in which 
the students would have access to 
computers from the earliest grades. 
With specially trained volunteer 
teachers, the school would be a focus 
for Logo-related research and cur- 
riculum development. This project 
has received the support of the three 
school districts involved and is pres- 
ently in the proposal-development 
stage. Since costs for equipment, 
research, and curriculum develop- 
ment will be far beyond what can be 
provided by the school system, the 
New York Academy of Sciences is 
seeking support from a number of dif- 
ferent groups. It hopes to be able to 
start with a small number of students 
this fall. 



The Lamplighter 
School Logo Project 

The most ambitious Logo project 
to date was carried out jointly by the 
MIT Logo Group, Texas Instruments, 
and the Lamplighter School, a private 
school in Dallas, Texas. Lamplighter 
School has 400 students between the 
ages of 3 and 9. The school has been 
provided with 50 Texas Instruments 
Logo systems that are used through- 
out the grades. The goal of the project 
is to establish a setting in which stu- 
dent access to computers would not 
be a limiting factor and to see what 
students could learn in such cir- 
cumstances. 

The project is now in its third year. 
A half-time teacher/coordinator 
oversees the day-to-day workings of 
the project and provides individual 
Logo tutorials for every teacher in the 
school on a biweekly basis. Com- 
puters are in every classroom from 
the nursery school through fourth 
grade. Every teacher and child is in- 
volved to some extent. 

On a recent visit to the school, I 
was struck by just how comfortable 
the children are with the computers. 
Two 4-year-old girls were using a 
computer to construct geometric de- 
signs on a screen with square-shaped 
sprites. (A sprite is a hardware im- 
plementation of a turtle, to allow 
multiple moving objects on the 
screen.) Nearby, classmates were 
engaged in more conventional ac- 
tivities: building with blocks, putting 
together a puzzle, playing with toy 
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cars, playing house, and finger paint- 
ing. Computers for these young 
students are just another way of ex- 

|fl^pring their world. 

VrThe typing ability of the first and 
second graders is amazing. The 
students are already writing simple 
programs, using the keyboard and 
the Logo screen editor with great dex- 
terity. One second-grade "hacker" 
had just invented a procedure that 
simulated the effect of the reset key, 
clearing the screen and printing 
"Welcome to Logol" He also proudly 
pointed out, "It doesn't erase your 

procedures!" 

In the third grade, several children 
were clustered around two com- 
puters. One of them had made a 
"secret" animation program that 
made a number of sprites move con- 
tinuously in a dynamically unfolding 
spiral. Three boys were trying to 
duplicate the procedure on the ad- 
joining computer. Another child was 
designing a sprite shape for the center 
of the screen that would look as if it 
rere emitting the spiraling sprites. 



Competition, cooperation, communi- 
cation, problem solving, program- 
ming, geometry, and artistry were all 
happening at once. Meanwhile, the 
teacher who had introduced the basic 
idea that all the students were build- 
ing on was helping another student 
figure out how to make a sprite move 

in a circle. 

These vignettes should give a sense 
of the flavor of the school. While 
some children are occupied with com- 
puters, regular school life goes on for 
others. The class next door may have 
five computers sitting idle while a 
geography or reading lesson is being 
presented much as it would be in any 
other school. Computers are accepted 
by the teachers and students as an in- 
tegral part of the school, but they are 
not allowed to dominate it. 

Some of the anticipated results of 
the Lamplighter Project have never 
happened. For example, the students 
have not used computers for creative 
writing, despite the availability of a 
simple screen editor as part of the 
Logo system. The equipment pro- 



vided to the school in the first three | 
years of the project has not included I 
printers, which would be needed to | 
make creative writing a realistic ac- 
tivity. Nor has Logo been integrated 
into as much of the school's cur- 
riculum as had been planned. Ac- 
cording to Lamplighter's headmistress 
Pat Mattingly, 'The teachers just 
don't have enough time for cur- 
riculum development in addition to 
all their other duties." With a few 
minor exceptions, the research studies 
that were expected to be part of the 
project have not materialized. Some 
unique, exciting, and wonderful 
things have been happening at the 
Lamplighter School, but except for 
the school staff, who usually are too 
busy to write, study, and reflect on 
the situation, one gets the feeling that 
"nobody's watching." 



Other Interesting Projects 

To round out the picture, I want to 
mention some other schools at which 
Logo is being used for research and 
development. The Cotting School for 
the physically handicapped in Boston 
has been the site of a series of projects 
conducted by Dr. Sylvia Weir of 
MIT. In these projects, Logo has 
enabled students with cerebral palsy, 
previously unable to communicate ef- 
fectively, to begin to realize their in- 
tellectual potential. Of all the Logo 
projects, this has been the most 
dramatic in demonstrating Logo's ef- 
fectiveness for students who 
previously had not been successful in 
academic settings. It has also made 
the most significant progress toward 
the goal of finding objective ways of 
determining just what students learn 
as they engage in Logo activities. 

Another Logo project aimed at 
discovering what students are learn- 
ing is being conducted by the Center 
for Children and Technology of Bank 
Street College in New York City. In 
this project, students in grades three 
through six have extensive access to 
Logo. The research is focusing on 
students learning problem-solving 
techniques and on social interaction 
among students as they work on Logo 
activities— two areas that have been 
highlighted, but not carefully studied 
by other projects. 
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Logo Information Sources 

Here is a partial listing of organiza- 
tions that offer Logo training and in- 
formation: 

Logo Training Courses and 
Workshops: 

Austin College, Sherman, TX 75090. 
Contact Prof. Henry Gorman. 

Bank Street College, 610 West 112th 
St., New York, NY 10025. Contact 
Karen Scheingold. 

Lesley College, 29 Everett St., Cam- 
bridge, MA 02138. Contact Nancy 
Roberts. 

Logo: The Learning Center, Logo 
Computer Systems Inc. , 989 Avenue of 
the Americas, New York, NY 10018. 
Contact Mike Tempel. 

Teachers College, Columbia Universi- 
ty, Microcomputer Resource Center, 
525 West 120th St., New York, NY 
10027. Contact Karen Billings. 

Technical Education Research Centers, 
8 Eliot St., Cambridge, MA 02138. 
Contact Robert Tinker. 

University of Wisconsin— Oshkosh, 



A third interesting Logo school 
project is not a research project at all. 
At Lincoln-Sudbury Regional High 
School in Sudbury, Massachusetts, 
students learn Logo as the introduc- 
tory computer programming lan- 
guage. Experiences at Lincoln-Sud- 
bury may show the way to those 
seeking to use Logo with older 
students. 



Conclusions 

I will take the risk of drawing a few 
general conclusions from these very 
diverse projects. 

Logo can be effective for all 
students in a school setting. In fact, a 
regular theme of all the projects cited 
is the success of students who pre- 
viously had been unsuccessful in 
.school. 

fTeacher training is critical. At the 
»ry least, teachers need to under- 
stand the value of exploratory learn- 
ing and student interaction. Further, 
at all sites involving Logo in class- 
rooms, teachers have felt the need for 



Microcomputer Applications Group, 
Oshkosh, Wl 54901. Contact Don 
Voils. 

2. Organizations, Users' Groups, and 
Newsletters: 

Boston Computer Society Logo Users 
Group, One Center Plaza, Boston, MA 
02108. 

FOLLK, Friends of USP/Logo and 
Kids, 436 Arballo Dr., San Francisco, 
CA 94132. 

Friends of the Turtle, POB 1317, Los 
Altos, CA 94022. 

Logo Times, included in 99'er 
Magazine, POB 5537, Eugene, OR 
97405. 

LOGOPHILE, Logo Special Interest 
Group, c/o Higginson, Faculty of Edu- 
cation, Queens University, London, 
Ontario, K7L 3N6 Canada. 

Monadnock Area Logo User's Group, 
c/o Dan and Molly Watt, Gregg Lake 
Rd., Antrim, NH 03440. 

Young Peoples Logo Association, 
1208 Hillsdale Dr., Richardson, TX 
75081. 



continued support and training. 
While this need may diminish as 
teachers become more familiar with 
computers and Logo, it seems to be a 
reality for the present. 

Teachers and students need re- 
source materials, guidebooks, project 
suggestions, etc. The more specific 
the goals, as in the Edinburgh Logo 
Project or in the physics activities of 
the Brookline Logo Project, the more 
specialized and extensive the 
materials needed. 

Student interaction has been a 
critical and positive element of all 
classroom-based Logo projects. In 
each case, students have taken on 
significant roles as teachers of other 
students, even as teachers of their 
own teachers. 

In no case has the "full potential of 
what might be possible" with Logo 
been realized. It will probably take a 
lot of time, and many diverse efforts, 
before the learning potential of Logo 
can be fully understood and utilized. 
Whether the goal is to integrate Logo 
into existing school subjects or to use 
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Logo to develop entirely new kinds of 
learning environments, much work 

^^remains to be done. 

During the past year, the use of 

^^.ogo in schools has jumped from less 
than a dozen sites to hundreds. By the 
end of the coming year, it may in- 
volve thousands of classrooms with 
tens of thousands of students. As we 
struggle with the task of integrating 
new forms of learning into old struc- 
tures, we should be particularly 
aware of the opportunity to learn 
from each other and from the 
limited, but carefully supported, 
research and development that have 
already occurred. ■ 
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Designing Computer-Based 

Micro worlds 

Well-designed Logo procedures 
can help children grasp ideas of intrinsic interest. 




Designing computer applications 
gr education might be called cogni- 
e engineering, for its objective is to 
_ape children's minds. That lofty 
goal must carry with it a commitment 
to cognitive science, the study of how 
knowledge functions and changes in 
the mind. In light of the profound in- 
fluence of computers in the schools, 
designing educational applications 
without such a commitment would be 
irresponsible. 

I believe that Jean Piaget, the Swiss 
student of knowledge, formulated the 
general solution to the problem of 
how intelligence develops. Although 
the field of cognitive science has ad- 
vanced beyond Piaget's innovative 
theories by revising and extending 
them, his insights into the nature of 
learning continue to influence teach- 
ing methods. The union of computer 
microworlds and Piagetian theory is 
the subject of this article. 



Piaget and Education 

) Central to the work of Piaget is 
constructivism, the view that the 
mind incorporates a natural growth 
of knowledge and that the mind's 
structure and organization are shaped 
by interactions among the mind's 
parts. In The Science of Education 
and the Psychology of the Child (The 



R. W. Lawler 
Le Centre Mondial L'lnformatique 
et Resources Humaine 
24 Rue Clemente Marot 
Paris, France 75008 

challenges 
educators to answer two questions: 
How does instruction affect what is in 
the mind? and What remains in the 
mind from the process of instruction 
long after the time of instruction has 
passed? In the same work, Piaget dis- 
putes both the effectiveness and the 
ethical correctness of many of the 
practices of modern education: 

If we desire to form individuals 
capable of inventive thought and of 
helping the society of tomorrow to 
achieve progress, then it is clear 
that an education which is an active 
discovery of reality is superior to 
one that consists merely in provid- 
ing the young with ready-made 
wills to will with and ready-made 
truths to know with. 



The Dilemma of Instruction 

Given Piaget's view that learning is 
a primary, natural function of the 
healthy mind, we might consider in- 
struction in any narrow sense unnec- 
essary. Children (and older students 
of life as well) learn the lessons of the 
world, effectively if not cheerfully, 
because reality is the medium through 
which important objectives are 
reached. Nevertheless, in certain 
situations children often rebel against 



the lessons society says they must 
learn. Thus the educator's ideal of in- 
spiring and nurturing the love of 
learning frequently is reduced to 
motivating indifferent or reluctant 
students to learn what full function- 
ing in our society requires. 

Teachers face a dilemma when they 
try to move children to do school- 
work that is not intrinsically interest- 
ing. Children must be induced to 
undertake the work either by promise 
of reward or threat of punishment, 
and in neither case do they focus on 
the material to be learned. In this 
sense the work is construed as a bad 
thing, an obstacle blocking the way 
to reward or a reason for punish- 
ment. Kurt Lewin explores this dilem- 
ma in 'The Psychological Situations 
of Reward and Punishment " (A Dy- 
namic Theory of Personality: 
Selected Papers of Kurt Lewin, 
McGraw-Hill, 1935). The ideas of 
Piaget and Lewin have led me to state 
the central problem of education 
thus: How can we instruct while re- 
specting the self-constructive char- 
acter of mind? 



Computer-Based Microworlds 

In Mindstorms: Children, Com- 
puters, and Powerful Ideas (Basic 
Books, 1980) Seymour Papert pro- 
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poses computer-based microworlds 
as a general solution to the problem 
of motivation. One argument for 
Papert's proposal runs as follows: 
learning is often a gradual process of 
familiarization, of stumbling into 
puzzlements, and resolving them by 
proposing and testing simple hypoth- 
eses in which new problems resemble 
others already understood. Micro- 
worlds are in essence "task domains" 
or "problem spaces" designed for vir- 
tual, streamlined experience. These 
worlds encompass objects and pro- 
cesses that we can get to know and 
understand. The appropriation of the 
knowledge embodied in those experi- 
ences is made possible because the 
microworld does not focus on "prob- 
lems" to be done but on "neat phe- 
nomena"— phenomena that are inher- 
ently interesting to observe and inter- 
act with. 

With neat phenomena, the chal- 
lenge to the educator is to formulate 
so clear a presentation of their ele- 
ments that even a child can grasp 
their essence. A well-designed com- 
puter microworld embodies the sim- 
plest model that an expert can im- 
agine as an acceptable entry point to 
richer knowledge. If a microworld 
lacks neat phenomena, it provides no 
accessible power to justify the child's 
involvement. We can hardly expect 
children to learn from such experi- 
ences until they are personally en- 
gaged in other tasks that make the 
specific knowledge worthwhile as a 
tool for achieving some objective. 
This amounts to an appropriate shift- 
ing of accountability from students 
(who have always been criticized for 
not liking what they must learn) to 
teachers, those who believe that their 
values and ideas are worth perpetuat- 
ing. 

Computer-based microworlds heip 
tailor instruction more closely to 
Piaget's idea of the natural mode of 
learning. I will illustrate this point by 
presenting two examples of com- 
puter-based microworlds. 

The POLYSPI Microworld 

POLYSPi (from "polyspiral") is a 
name for a three-line procedure in the 
Logo language and for the class of de- 
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FlKures la _if : Polyspiral designs generated by changing one variable or me tnree in ine r^u.or — - 

vrocedures variables are DISTANCE. ANGLE, and CHANGE (in distance). The procedure draws a design by going forward the specified 
distance turning at the specified angle, then increasing the distance by the specified change, going forward for the incremented 
distance at the specified angle, and so on. In this example, the distance variable and the change in distance are held constant. The 
angle variable is stepped up by one degree in each design. The strikingly different designs show the power of the concept of stepping 

variables. 




signs produced by different execu- 
tions of that procedure. Figures la-lf 
show some examples of POLYSPI de- 
signs. The POLYSPI procedure is 
stated in listing 1. Some of the designs 
are pretty, mainly because surprising 
spiral patterns emerge under certain 
conditions. The general appeal of 
POLYSPI designs largely accounts for 
the adoption of turtle graphics as a 
subsystem of languages such as 
Smalltalk, Pascal and even some im- 
plementations of PILOT. The vari- 
ability of the POLYSPI procedure 
sometimes permits even a beginner to 
lurprise more expert users (as well as 
imself ) with the discovery of beauti- 
ful designs. 

The procedure in listing 1 and its de- 
signs comprise a microworld. The ob- 
jects of the microworld are all the de- 
signs that the procedure can generate, 
an engaging and extensive domain for 



exploration. More important, the 
designs are a class of "neat phenom- 
ena" whose generation can be made 
comprehensible with the following 
small set of ideas. First, the POLYSPI 
procedure provides a crisp model of 
variable separation: the three vari- 

The POLYSPUTilcrowor. 
reveals the powerful 
idea of stepping 
variables. 

ables DISTANCE, ANGLE, and 
CHANGE are each used once, and used 
differently, in a simple procedure 
text. Second, the difference in relative 
potency of the variables (the impact 
of a unit change on the produced 
design) is obvious and striking. 
(ANGLE and then CHANGE are much 
more potent than DISTANCE.) 



The POLYSPI microworld reveals 
the stepping of variables as a power- 
ful idea. By stepping variables I mean 
identifying one variable as a dimen- 
sion of examination and holding all 
other variables constant while the 
chosen one is varied incrementally. In 
short, this microworld provides a 
clear model of how particular things 
may be generated through their inter- 
secting dimensions of variation. 
Piaget judged variable-stepping to be 
an essential component of formal 
operational thought. The idea is a 
powerful one because it is almost uni- 
versally useful; it is crucial to the pro- 
cess of scientific investigation. 

Within the microworlds of turtle 
geometry, the insights achieved with 
POLYSPI exploration are easily ex- 
tended to a related microworld of 
INSPI designs. The INSPI procedure 
differs from POLYSPI only in that the 



Listing H The POLYSPI procedure, written in Logo From only three «™M«~ 
rffaJct. angte, and change in distance-this procedure can generate a remarkable 
variety of polyspiral designs. The procedure draws by going forward the specified 
dZtance tZrnlg at the specified angle, then increasing the distance by the specified 
ct^e going flrward for the newly incremented distance at the same specified angle, 
ans so on. Some designs drawn by POLYSPI appear in figures la-lf. 

TO POLYSPI : DISTANCE '.ANGLE :CHANGE 
FORWARD : DISTANCE 
RIGHT '.ANGLE 

MAKE "DISTANCE : DISTANCE + .CHANGE 
POLYSPI .DISTANCE ".ANGLE .CHANGE 
END 




change value is applied to the ANGLE 
variable instead of to the DISTANCE 
variable. (For a case study of a child's 
ability to grasp and extend this idea, 
see my article "Extending a Powerful 
Idea," in a forthcoming issue of The 
Journal of Mathematical Behavior.) 

The BEACH Microworld 

The adolescent's initiation to for- 
mal thought differs greatly from the 
preschooler's introduction to reading, 
vet both learning experiences involve 



grasping central representations. 
What the prereader learns in an 
alphabetic language is a serial sym- 
bolic representation for words that 
signify the names of objects, actions, 
and so on. Let me here describe a 
Logo microworld for learning the 
alphabetic language. This micro- 
world helped my 3-year-old daughter 
learn to read with minimal direct in- 
struction. 

While previous Logo implementa- 
tions focused on a single, all-im- 



portant agent— the turtle— TI Logo 
also has sprites. A sprite is a video- 
display object that has a location, a 
heading, and a velocity, but no draw- 
ing capability. It may be associated 
with a shape (which it "carries" and 
which assumes one of 16 colors). The 
shapes can be easily defined and 
changed by the Logo user. There may 
be a maximum of 25 shapes. The im- 
portance of a multitude of easily dis- 
criminated objects for early language 
applications cannot be overesti- 
mated. TI Logo has a second graphics 
system, "tile graphics," that is com- 
patible with the sprite graphics sys- 
tem. The static tiles, which may also 
assume 16 different colors and exhibit 
modifiable shapes, provide a suitable 
"background" for the movements of 
the dynamic sprites. The result is the 
opportunity to create scenarios that 
have many moving objects with dif- 
ferent shapes and different colors and 
a static but vivid backdrop. The 
BEACH microworld permits the crea- 
tion of such scenarios, as the scenes in 
photos la and lb illustrate. 
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Photos la-lb: Two scenes from the BEACH ™*™«™^ 3-year-old child. The 
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microcomputer. 



Meaningful Names Ease Learning 

Because Logo gives the user great 
freedom to define and name proce- 
dures, appropriate descriptive English 
words can be used. For example, SUN 
can be the name of the procedure that 
creates a yellow ball on the display. 
The word UP can name the command 
that increases the value of a sprite's y 
coordinate. Repeated often enough, 
UP puts the SUN in the sky above the 
REACH. Another word, such as SLOW 



or FAST, can set the SUN in motion. 
Because new procedures are easily de- 
fined, the child, a family member, 
friend, or teacher could even make 
the SUN ZOOM if the child wishes. 
Such flexibility permits the micro- 
world to be tailor-made to suit any 
child. To the extent that the child par- 
ticipates in defining the objects to be 
part of the world, their attributes, 
and the actions they are to perform, 
the microworld is also constructed by 



the duld herself. My 3-year-old, 
Peggy, her older siblings, and I chose 
about 20 objects to populate her 
world, designed and made shapes to 
represent them, and wrote the proce- 
dures to create and manipulate them. 
The vocabulary of her BEACH world 
includes the following: 

OBJECTS 

BEACH, BIRD, BOAT, BOY, CAR, DOG, 
FISH, GIRL, HOUSE, JET, KID, MAN, 
MOON, OAK, PINE, PLANE .PONY, 
STAR, SUN, TRUCK, VAN, WAGON 

ACTIONS 

UP, DOWN, MOVE, BACKWARD, 
FAST, FLY, HALT, SAIL, SHOW 
SWIM, TURN, WALK, ZAP, ZOOM, 
PAINT BLACK, PAINT GREEN, etc. 

When Peggy began to play with 
this computer microworld, she did 
not recognize any words except "by/' 
and she had no idea what that meant. 
Her ability to discriminate between 
letters and name them was undepend- 
able and idiosyncratic. She began 
keying words, copying them letter by 
letter from a set of 4- by 6-inch cards I 
had made. Soon she began keying her 
favorite or most-used words from 
memory, and later she was able to 
read those individual words in other 
contexts. Now she deals with the 
written language one word at a time 
(as infants begin to speak with specif- 
ic signification). To handle sentences 
(other than "paint some-color-name") 
or begin phonetic decoding of words, 
she will need more complex micro- 
worlds. 

For Peggy, the learning of reading 
and the learning of writing have been 
synchronized (as speaking and inter- 
preting speech are for the toddler); 
she learned to read her 30-word vo- 
cabulary by learning first to "write/' 
i.e., key the words on the computer 
terminal. Writing was an essential 
part of controlling the compucer 
microworld that engaged her. My 
role as teacher changed from task- 
master to occasional consultant. I 
would answer questions Peggy 
brought me after she had tried to 
work with the constructed reality of 
the BEACH microworld, and I helped 
her when she had problems, bu: I 
offered her no lessons beyond the rule 
that words are keyed letter by letter, 
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left to right, and that a specific sym- 
bol meant she should press the Enter 
key. 

I make no claim that computer 
microworlds can teach all reading 
skills, nor that this specific BEACH 
world would appeal to other children 
in different circumstances. I do, how- 
ever, see the BEACH microworld as a 
prototype of the various worlds that 
others may fashion for small child- 
ren. 

Design Heuristics: Powerful Ideas 

A computer microworld should be 
constructed around a powerful idea, 
one worth the instructor's time to de- 
velop or the student's time to explore. 
Who decides if an idea is sufficiently 
powerful You do, at first, when you 
design a microworld. Next, the stu- 
dents determine the worth of the 
microworld as they incorporate the 
idea into their minds or reject it. 

If you need a little guidance when 
you design a computer-based micro- 
world, Papert (in Mindstorms) offers 
four criteria for powerful ideas: they 
should be simple, general, useful, and 
syntonic. The idea behind a micro- 
world must be formulated as simply 
as possible; an idea can be power- 
ful only when understood. Even if 
an idea is embodied in a specific 
microworld, it will not be useful 
through extension unless it is general. 

Reality dictates the candidates for 
powerful ideas. Society also declares 
what ideas are important: if you can't 
read, for example, a technological 
society relegates you to subhuman 
status. But it is your own mind, more 
than any advice, that can tell you 
what ideas are powerful. Your own 
insights enable you to integrate im- 
portant experiences. An idea is 
powerful, then, if it gives form to 
your understanding of life. It follows 
that you cannot inspire others with 
an idea unless it has first inspired 
you. 

Interconnection of Knowledge 

What Papert labels the "syntonic" 
characteristic focuses on how an idea 
assumes power within the mind of an 
individual. An idea is powerful for a 
person if it relates and unifies knowl- 
edge gained in diverse experiences. 



An idea gains power if it can be | 
reduced to a concrete model that 
serves as a metaphor for the interpre- 
tation of subsequent problems. Such 
a model helps explain which aspects 
of new problems must be considered, 
which may be neglected, and which 
anomalies must be explained away on 
a basis of local evidence. Models 
prove more or less powerful depend- 
ing on the individual's interests and 
experiences. 

The most essential characteristic of 
powerful ideas is their relation to the 
individual's previous knowledge. You 
can tell students that one situation 
resembles another, but recognition of 
such comparisons is more powerful if 
it is the students' own discovery. 
They will make the connections be- 
tween the structures of one idea and 
another at a level of detail appropri- 
ate to their specific prior knowledge 
and feelings.This internalization is 
the basis of an idea's power for the in- 
dividual. 

An analogy may help here. If you 
solder a connection at too low a tem- 
perature, you can get mechanical 
binding but undependable electrical 
contact. Ideas imposed by instruction 
are like badly soldered joints. Only 
the individual has the power to fuse 
connections between new ideas and 
his or her own most personal 
thoughts and feelings. These connec- 
tions alone can make an idea an im- 
portant part of how the person sees 
the world and behaves in it. 

Paradoxically, an excellent way to 
harness the students' understanding 
for engagement with ideas is to liber- 
ate their expressiveness. Because 
Logo is a vehicle for free exploration, 
knowledge built from Logo is syn- 
tonic, appropriate to the person, and 
experienced as an authentic, intimate 
part of the self. Such is the power of 
an approach to learning that frees the 
individual to create within a social 
context that makes our culture's most 
powerful ideas accessible. 

I/O and Applications Design 

An application design negotiates 
between a specific objective and the 
potential of the equipment. Com- 
puters are general-purpose symbol 
manipulators, so they can deal 



abstractly wun <m iuw. — * 

computer system can do in an inter- 
esting way, however, depends on its 
input/output (I/O) devices. Look for 
something special about a machine's 
ijife) suggest the kinds of neat phe- 
n %f(ia the system could exhibit. 
Consider these examples from previ- 
ously implemented Logo systems: 



•The accessibility of the robot floor- 
turtle world to a child's physical in- 
tervention can lead even a small child 
into simulating the turtle's actions 
and into debugging procedures (after 
fixing a procedure "manually/' a 
child can become more engaged in 
fixing it symbolically ) . 
•Turtle graphics— whose appeal de- 
pends largely on the emergence of 
patterns from simple procedures that 
command the drawing of many 
lines— came into its own only with 
the general availability of bit-map- 
based displays. 

•Logo on the GTI-3500 had a signifi- 
cant potential for engineering and 
physics simulations because a hard- 
ware-implemented "spin" primitive 
Jg^\ded the forward and right primi- 
of "classical" Logo. 
•The TI 99/4A joins together a gen- 
eral-purpose microprocessor (where 
TI Logo is implemented) with a 
special-purpose graphics processor 
that manipulates the sprites that give 
TI Logo its most striking effects. 

As increasingly powerful micro- 
processors become affordable, the 
special quality of each will bring new 
potential for creating engaging micro- 
worlds. More powerful microproces- 
sors and graphics slave processors 
may, for example, bring molecule 
modeling within reach. Local net- 
works of small machines may permit 
group simulation of economic and 
political situations (as in games) that 
are now too abstract, rule-driven, 
and theoretical to interest many 
young people. There will continue to 
be opportunities for creating micro- 
worlds around the most powerful 
>as of contemporary science and 
lology. 

_ f in Microworlds 

Logo procedures can serve as a 



formal systems. The commands of 
Logo are designed to communicate 
with a computer and its output de- 
vices, but the extension of Logo 
through procedures whose names are 
natural-language words can make the 
objects and actions more comprehen- 
sible. This ability to be extended is a 
key feature for young children. 

But Logo is only a quasi-natural 
language; a Logo procedure must run 
on a machine. Further, the objects of 
a Logo microworld are formal; they 
can be completely defined by a speci- 
fication of their state variables. One 
of the simplest of these objects is the 
Logo screen turtle. Once you have 
specified the turtle's location, 
heading, and pen position, there is no 
more to say about it. The operations 
of a microworld are also completely 
specifiable in terms of the effects they 
have on state variables. The RIGHT 
and LEFT commands, for example, 
modify the heading of the turtle but 
do not affect its location. Given the 



ease of specifying tne interaction ui 
state-change operations with state 
variables, a first criterion for the 
quality of any Logo implementation 
(an application microworld or the in- 
terpreter itself) is the clear presenta- 
tion of the state variables to someone 
using the system. Two examples of 
representation inadequacies in TI 
Logo can clarify the point: although 
the heading of a sprite is a significant 
state variable, it cannot be deter- 
mined by inspecting the object's ap- 
pearance (the shape carried by the 
sprite) when its velocity is zero; it is 
impossible to determine visually 
which sprite is the "current" object, 
i.e., the one or ones that will respond 
to the next Logo command. Ideally, 
the equivalent of a SHOWTURTLE/ 
HIDETURTLE set of commands would 
show which is the active sprite. What- 
ever the limitations of a specific Logo 
implementation, anyone who designs 
a computer-based microworld should 
strive to represent all the state vari- 
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ables in a visible, obvious way. Do- 
ing so enhances the comprehensibility 
of the ideas embodied in the objects 
and their manipulations. 



Comments on a New Microworld 

One of the objectives of Logo is to 
put power in the hands of beginning 
users. Even powerful ideas usually 
come from striving to reach a simple, 
down-to-earth objective. To de- 
mystify designing a microworld, I 
would like to present a few comments 
on some work in process. I wanted to 
develop an effective way to present 
some ideas of algebra to a 12- 
year-old. I remembered a casual com- 
ment of a former MIT Logo col- 
league, Andy diSessa, that one of the 
most powerful ideas accessible 
through Logo was embodied in "pro- 
cedures that output." At the time, I 
was mystified, even though Andy 
had explained that his comment was 
based on the fact that such a proce- 
dure was equivalent to a mathe- 
matical function. That observation 
came back to me. Algebra is about 
mathematical functions. Although I 
couldn't fully appreciate Andy's com- 
ment, it focused my attention on a 
personally comprehensible way of ex- 
pressing mathematical functions in 
Logo. 

Common mathematical functions 
assign the value of one variable (call 
it y) to the value of some expression 
based on another variable (call it x). 
Assigning values is just what the 
MAKE command does. If a superpro- 
cedure controlled assigning to y the 
value of an x-based expression for the 
domain of possible values of x, it 
would generate any function express- 
ible in the Logo language. When 
given two inputs (x.y), the DOT 
primitive of Apple Logo draws a dot 
at the screen location of those coor- 
dinate values. If the value of x is in- 
cremented across the domain of pos- 
sible x-coordinate values, and y is 
specified in terms of the value of x, 
DOT can be used to plot discrete 
sketches of mathematical functions. 
A second method of drawing func- 
tions is possible. If those "dotted" 
locations are used as the position co- 
ordinates of a SETTURTLE (SETPOS1- 
T10N) command, the screen turtle will 



draw a line-segment approximation 
to a mathematical function. These are 
the ideas around which the PLOTTING 
microworld is constructed. Photos 2a 
and 2b show examples from the 
PLOTTING microworld. 

How can a person go from com- 
mon experiences to a new idea by do- 
ing something only slightly unusual— 
but with that small difference provid- 
ing access to a range of 




Photos 2a, 2b: Two examples of the PLOT- 
TING microworld. Photo 2a shows the con- 
trast between the straight-line plot ofy**x 
and the parabolic plot ofy = .2x 2 . Photo 2b 
contrasts the same parabolic plot with a 
plot of y=*.25x (segmented line), an at- 
tempt to fit the slope (heavy line) of the 
parabola at a point. See listing 2 on page 
158 for the DOTPLOT procedure from the 
PLOTTING microworld. 

phenomena? Think about what kinds 
of experiences younger students 
might have had that could support 
learning about mathematical func- 
tions. Any child who uses Logo for a 
while learns to define specific variable 
values using the MAKE primitive; for 
example: 

MAKE "MY. NAME "BOB 
MAKE "MY. AGE 42 



The minimal significant complication 
possible in the specification of a vari- 
able is to make its value depend on 
something else, such as keyboard in- 
put. It is common for beginners to 
write routines such as the greeting 
below for inclusion in some more am- 
bitious program: 

TO GREET 

PRINT [WHAT'S YOUR NAME ?] 
MAKE "WHO READWORD 

;accept keyboard input 
PRINT (SENTENCE 

[GLAD TO MEET YOU,] :WHO) 
END 

We can start with nonarithmetic ex- 
amples of variables as functions of 
other variables. They can be simple or 
complex. Graphs of equations can be 
viewed as another, more specific 
form of a familiar kind of relation— a 
new representation for a familiar 
idea. The algebraic formulas with 
which we usually associate the graphs 
of equations are seen as another de- 
scription of a correspondence rela- 
tion, a description that is specific and 
limited, but very powerful. 

Making clear the connection be- 
tween concrete uses of programming 
variables and mathematical functions 
is one justification of a PLOTTING 
microworld. This idea is one I judge 
to be powerful. The programming 
needed to make a Logo PLOTTING 
subsystem is nearly trivial (see listing 
2), but that is precisely the virtue of a 
powerful language: its expressiveness 
makes ideas and functions stand clear 
of accidental complications. 



Extending the PLOTTING World 

If we look beyond the simple plot- 
ting of functions, the intellectual ex- 
tensions of such a microworld can be 
simple and striking. Consider these 
two possibilities. First, when the do- 
main of x is specified with beginning, 
end, and increment or step-size (to 
control the grain of the plotted func- 
tion), the slogan through which con- 
tinuity is often expressed becomes an 
almost obvious consequence of the 
"dotted" representation: "you give 
me an epsilon, and I can give you a 
delta such that whenever the dif- 
ference between successive values of x 



Listing 2- The OOTPtOT procedure, written in Logo. The procedure plots y as a func- 
tion of x for values of x incremented by CHANGE. Resulting plots appear in photos 
2a-2b. 



~ hi 



O DOT.PLOT -.CHANGE 
MAKE "X -135 
PRINT [MAKE "Y A FUNCTION OF :X1 
MAKE "FUNCTION READL1ST 
LABEL "AGAIN IF :X > 135 [STOP] 
RUN FUNCTION m w wl 

IF NOT OR :Y > 1 19 :Y < -1 19 [DOT SE :X :Y] 
MAKE "X :X + :CHANGE 
GO "AGAIN 
END 



Ustin* 3: The U1 procedure, written in logo. Using the variables COEFF1 , COEFF2, 
and CHANGE, the procedure draws Lissajous figures like those shown in photos 3b, 3c, 

and3e. 

TO U1 :COEFF1 :COEFF2 :CHANGE 

!£«E "^NlisWNCE [MAKE "X 100 • ^^^^SS. 

Sake -fun2 (sentence penSSwn 

PENUP RUN :FUN1 RUN :FUN2 SETPOS (SENTENCE :X :Y) PENDOWN 

LABEL "AGAIN MAKE "ANGLE .ANGLE + :CHANGE 

RUN :FUN1 RUN :FUN2 

SETPOS (SENTENCE :X :Y) 

GO "AGAIN 

END 




is less than delta, the difference be- 
tween successive values of y will be 
less than epsilon." Second, consider 
the implications for understanding 
the differential calculus. When plot- 
ting the value of a function, it is sim- 
ple to save the value of the prior 
point-couple and calculate the slope 
of the function. This is an empirical 
form of differentiation. A micro- 
world of plotting tools (whose ac- 
tivities could include plotting func- 
tions, the empirical derivation of 
slopes of those functions, and curve 



fitting— with the plotting tools— to 
those empirically derived slopes) 
could provide a body of practical ex- 
perience about the relations between 
functions and their slopes. This ex- 
perience, for which differential cal- 
culus will later provide a theory, will 
make the calculus easier to appreciate 
and assimilate. 

These ideas may interest a math 
teacher or a psychologist, but would 
any child be interested in plotting 
mathematical functions? Are there 
any accessible neat phenomena? This 



is the most important final question 
the creator of every microworld must 
face. The concrete appeal of this 
microworld must be the creation of 
appealing (and possibly puzzling) 
graphic designs. The beauty of turtle- 
geometry designs derives from the use 
of repetition and variables in simple 
procedures. This observation sug- 
gests that we look at repeating func- 
tions such as those produced by the 
sine and cosine primitives. Photos 
3a-3f show six designs made from 
combinations of sine and cosine func- 
tions. These designs, generically 
known as Lissajous figures, are my 
candidates for neat phenomena of the 
PLOTTING microworld. [Editor's 
Note: Named for French physicist 
Jules Lissajous, each of these figures 
consists of the series of plane curves 
traced by an object that executes two 
mutually perpendicular harmonic 
motions. . . . P.L.] The method of 
the procedure shown in listing 3 is to 
calculate a screen location with x as a 
sine function of an angle value and y 
as a cosine function of the same 
angle. The design is made when the 
turtle draws a line as it moves from 
one calculated location to the next 
one. The procedure is stopped man- 
ually. 

Lissajous figures are similar to 
POLYSPI designs in general character 
because they are made of line seg- 
ments that show natural classes or 
families of shapes and occasionally 
emerge as surprisingly beautiful. Like 
INSPI designs, they are somewhat 
mysterious to those who think more 
concretely than formally. Are they 
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What is Logo? 

Logo is a computer programming language, 
an educational philosophy, and a communiiy 
of adults and kids. This brochure provides 
you with information about ail three of these 
aspects of Logo. 

The Logo programming language is the result 
of 15 years of research in computer education. 
It is designed to combine ease of use, for the 
beginning programmer, with powerful pro- 
cedural capabilities, to help the advanced 
user develop complex applications. 
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TO SPI :STEP 
FO :STEP 
RT :ANGLE 
SPI :STEP + 2 
END 
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The Logo Community 

Ve' ve learned that two computers running 
,ogo in one classroom are much better than 
me computer in each of two rooms. The rea- 
on is that Logo users, even when they're 
working on completely separate projects. 
*nefit a lot from seeing each other's ideas, 
nd helping each other design and debug 
leir programs. 

his sharing of ideas is a vital part of the 
ogo style. We'd like to welcome you to a 
ommunity of adults and kids, including Logo 
e veiopers. students, and teachers. This 
widespread group shares a culture based on 
)me ideas about learning and computers, 
leas which come from computer science 
nd from Piagetian cognitive psychology. 

/ho uses Logo? 

ogo is best known as a good language for 
oung children. Indeed it is a good language 
>r young children, but it is much more than 
lat. It is suitable for high-school students, 
►r cojm students, for adults— in fact, for 
nyo^^^o needs a programming language 
latisp werful. easy to learn, and easy to use. 



ome Education 

(any people buy personal computers as 
i educational investment, only to find that 
Dscure programming languages and bad 
Dcumentation discourage them— or their 
lildren— from learning to program. 

} encourage the use of Logo in home 
iucation, we provide a comprehensive 
ference manual and a special introductory 
anual (meant specifically for home learning) 
aturing turtle graphics; both books come 
part of the Apple Logo package. 

hoots 

>ide from its role in home education, 
go has been used and tested extensively 
classrooms from kindergarten to college 
/el. See the last page of this brochure for 
3re information cn the use of Logo in schools. 




Some Logo Activities 

Logos design reflects an emphasis on learn- 
ing. You can see this emphasis in the many 
intriguing application areas built into it 

Turtle Graphics 

Logo features turtle graphics, which makes 
it possible for beginners to draw beautiful, 
complex designs the first day. Yet. turtle 
geometry is based on mathematical ideas 
powerful enough that it is used in teaching 
college-level mathematics and physics. 

Human Language 

Another important Logo application is 
human language processing. A two- line 
program translates a word into Pig Latin; 
more complicated programs can generate 
random grammatical English sentences, 
cany on simple conversations, or play 
language games like Hangman. 



TO SQUARE :SIOE 
REPEAT 4 CF0RWAR0 
ENO 

TO FLAG 
FO 30 
SQUARE 30 
ENO 

TO F LAGS AC K 

FLAG 

BK 30 

ENO 



:SI0E RIGHT 903 



TO FLAGS 
REPEAT 4 
ENO 



( FLAG8ACK RT 903 
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FLAG 



FLAGS 



TO LATIN : SENT 

IF EMPTYP : SENT (OP (33 

OP SE PIG FIRST : SENT LATIN BF 

ENO 



: SENT 



TO PIG :W0R0 

IF MEMBERP FIRST :U0R0 CAE I 0 U ] 
OP PIG WORO BF :W0R0 FIRST :U0R0 
ENO 



(OP WORO :WORO "AY 3 



7 PR LATIN (NO PIGS HAVE EVER SPOKEN PIG LATIN AMONG HUMANS 3 

ONAY IGSPAY AVEHAY EVERAY OKcNSPAY I GPAY A T I NLA Y AMONG A Y UMANSH A Y 



The Logo Philosophy 

Logo is not just another computer language. 
It was designed as a tool for carrying out a 
particular philosophy of education. The goal 
of this philosophy is to promote independent 
learning and problem-solving skills through 
explicit attention to the process of learning 
itself. 

Problem- Solving 

For example, consider the problem of 
getting students to think of learning as a 
gradual, developmental process, that is. 
demonstrating a productive view of partial 
understanding. Most students think that 
understanding comes all ai once, or not at all. 
(They don't often express the idea so explic- 
itly, but they show their belief in conversations 
which end with "I don't get it.") 



The Logo approach makes it feasible to 
think about learning styles concretely, by 
using the computer itself as a model of the 
learner: in Logo programming, we emphasize 
the idea of debugging. A program which 
doesn't work isn't simply declared a failure. 
Instead, it is taken as a partially finished 
product in need of improvement. This idea 
is not an artificial one invented just for stu- 
dents: it is a programming commonplace. 
What's special about the Logo approach to 
education is that we encourage students 
explicitly to use the same idea in (heir activ- 
ities outside of programming. 

Logo encourages the student to take risks 
without being threatened by imperfect results. 
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Procedural Thinking 
Many other problem-solving ideas are 
similarly embodied in the Logo programming 
experience. For example, a well-known tech- 
nique for attacking a large, complex problem 
is to break it down into smaller pieces, and 
solve each part of the problem separately. In 
Logo, a large programming problem is simi- 
larly broken down; the programmer writes 
a separate procedure (a small program which 
is independent of other procedures, but can 
communicate with other procedures) for each 
sub-problem. 

Flexibility 

Another aspect of the Logo philosophy is its 
flexibility in curriculum. Logo presents an 
arena for experimentation. Learning takes 
place in an exploratory and even playful spirit. 

Logo provides tools for exploring areas which 
many people find immediately appealing, 
such as turtle graphics. Within these areas, 
students naturally find challenging projects 
Dn th^jcwn. A class can be working on ten 
iiffc^^^irojects, rather than on one specific 
assig^rcnt for everyone. 



This approach is one reason why Logo is 
particularly well-suited to individual learning 
it home, not just to directed group work in 

i classroom. 

"•here are. of course, many ways to teach the 
rogo language. If you wanted to do so, you 
ould even teach it in an atmosphere of daily 
omework assignments and graded weekly 
uizzes. But by doing so you would forfeit 
le spirit of flexible exploration that Logo 
romotes. 

ogo learners of any age are doing real 
^search, working on original projects of 
leir own design. There are no right answers 
>r the teacher to dispense. Some of the most 
iportant teaching in a Logo classroom is 
one by fellow students, and a Logo teacher 
also a fellow learner. 



The Logo Language 

Logo is procedural: A large Logo program 
is written as a group of independent parts 
called procedures Each procedure has its 
own variables, and communicates with other 
procedures in a well-defined way. This char- 
acteristic of Logo makes it easy to debug and 
modify programs, and it encourages a style 
of problem-solving in which a large problem 
is broken up into small, manageable bites 

Logo is interactive: You can type in a Logo 
command directly and it will be run imme- 
diately. More important, when a program 
doesn't work completely, you can debug it 
interactively: run a piece of it. look at the 
results, change the program a little and 
try again. 

Logo is extensible: When you write a Logo 
procedure, its name becomes a word in the 
Logo language, just like the built-in proce- 
dures. The syntax for using it is the same. 
Logo can thus be personalized. Teachers 
and parents can easily tailor the language to 
their own needs by writing new procedures 
and teaching them to their kids just as if they 
were original features of Logo itself. 



Comparison with BASIC and Pascal 
Logo is meant to be both easy for beginners 
and powerful enough for experienced pro- 
grammers. "Logo has no threshold and no 
ceiling." The style of the language allows a 
smooth growth in the programmer's ability 
to use its advanced features. Compare this 
philosophy with that of the two main competing 
languages for teaching: 



Logo is recursive: A Logo procedure can use 
itself, as well as other procedures, as instruc 
uons within itself. This capability makes Logo 
tremendously powerful, because certain com 
plex problems include sub-problems which 
are simpler versions of the original problem 

Logo has list processing: A "list" is a data 
structure for grouping information. The ele- 
ments of a list can be numbers, letters, words, 
or other lists, in any combination. Unlike 
arrays in other languages, a Logo list can 
change size as a program runs. 



Logo is not typed: Any Logo variable can take 
on any type of value. You don't have to know 
whether the value of a variable will be a num- 
ber, a word, a list of numbers, a list of lists . . . 

Logo's error messages are specific and self- 
explanatory. It has none of the opaque error 
messages ("syntax error") found in some 
other languages. For example, if you type 
fr ward so. Logo responds I dont know how 

TO FR WARD. 




BASIC: 



Logo: 



Good interactive style. Small 



Hard to get started. Need to use text 
editor and compiler even for the 
simplest program. 

Good interactive style. Beginners 
can start with small vocabulary. 



nodularity: no 
or compound statements. 

Has procedures, compound 



bo made using records, 
with effort. 

Procedures are central to Logo styli 
List processing makes advanced 
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How is Logo Used in Schools? 

Logo is used by students of all ages and 
academic levels. Because it emphasizes 
non-numeric applications of the computer. 
Logo programming does not depend on prior 
mathematical knowledge Therefore, it can 
present a fresh chance for students to work 
with mathematical ideas in a different context 

Logo in the Classroom 

Teachers often say to us, "I teach Algebra II 
(or third grade, or junior high English); how 
can I use Logo in my classroom?"' 

One good answer goes something like this: 
"After you learn Logo yourself, start teaching 
it to your kids, suggest a few projects to them, 
and then stand back. With your help, they'll 
generate a lot of worthwhile ideas on their 
own. Don't pick one project and assign it to 
the whole class; give them several ideas, or 
give each student a suggestion appropriate 
to him or her" 

follows is a short list of programming 
which are appropriate to various cur- 
riculum areas. Bear in mind, though, that one 
highlight of the Logo philosophy is that it cuts 
across narrow categories. If you encourage 
a student who's having trouble with spelling 
to program a Hangman game, the student will 
end up thinking about geometry (arawing 
the scaffold), arithmetic (how many guesses), 
and problem solving strategies as well as 
about lists of words. 

Programming Projects 

Exploring polygons with turtle geometry. 
including the properties of spirals and stars 
A Logo "polygon" is a much broader concept 
than the simple closed figure usually studied 
in geometry. Spirals and stars provide a rich 
ground for the exploration of geometric con- 
cepts that are hard to make accessible to 
high-school students without the help of Logo. 

A conversational program, by which the 
computer carries on an English-like conver- 
sation with a human being (on the screen, not 
out loud). The most famous example of such 
a program is called DOCTOR, where the 
computer simulates a non-directive thera- 
pist. Writing this kind of program, aside from 
being a wonderfully challenging problem- 
sol^aa task, is an excellent way to explore 
cm psof English grammar. It makes gram- 
mSlprTie alive, by putting it in an environment 
where it is needed in order to achieve a goal— 
a conversing program— rather than as an 
abstract way of analyzing English. 



A trench conversation program (or its 
equivalent in some other language). This is 
an excellent project for reasons analogous 
to those in the previous paragraph. Similarly, 
try programming a foreign- language version 
of any game that uses language extensively, 
perhaps HANGMAN or an Adventure game 
instead of DOCTOR. 

Programming a simulation of natural proc- 
esses, such as erosion. In connection with, 
say. an earth science course, students can 
study what happens in different situations. 
Although merely using someone else's pro- 
gram in this way can still provide some flexible 
learning, students who write the program 
themselves will gain a depth of understanding 
and a personal involvement that they wouldn't 
have otherwise. 

Using first, butfihst. and so forth to explore 
composition of functions in an algebra class. 
Abstract functional concepts become easily 
manipulable in Logo; some students have 
trouble dealing with functions numerically 
and find that working with words and lists 
illuminates the same ideas in a more 
congenial context. 





Recommended Reading 

Abelson, Harold. Apple Logo. McGraw. Hit 
(Cambridge. 1981). This book provides a 
thorough explanation of Apple Logo, along 
with many detailed suggestions for protect? 

Abelson, Harold, and Andrea OiSessa. 
Turtle Geometry. MIT Press (Cambridge. 
1981). This innovative approach to mathe- 
matics uses Logo to let advanced students 
explore concepts that range from simple 
geometry to the theory of relativity. 

Goldenberg, Paul. Special Technology 
for Special Children. University Park Press* 
(Baltimore. 1979). This book explains the use 
of computers as a medium of communication 
for children with severe handicaps. 

Papert, Seymour. Mindstorms. Basic Books 
(New York. 1980). This book, subtitled Chil- 
dren. Computers, and Powerful Ideas; shares 
with the reader a vision of education in which 
children learn powerful ideas through 
programming computers in Logo. 



Apple Logo 

Apple Logo, developed by Logo Computer 
Systems Inc.. is available from your local 
Apple dealer, product D2D0100. 



Apple Logo ruas on any model Apple II 
computer with 64K bytes of memory a mom- 
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They're everywhere these days: in 
homes, offices, laboratories, cars, indus- 
trial controls, kitchen appliances, radios 
and TV sets, security systems, and chil- 
dren's toys. "They** are, of course, the 
ubiquitous microcomputer, the millions 
of single chip devices controlling a host 
of consumer products, the board-level 
systems controlling industrial processes, 
and, of course, the desktop computer 
through which a rapidly increasing num- 
ber of laypeople are becoming involved 
in the microcomputer revolution. 

To some, this proliferation of computer 
technology heralds an exciting new revo- 
i. To others, it is simply revolting, 
icently, however, that negative 
opinion has begun to change, as new user- 
friendly languages are introduced for 
personal computers. No longer does the 
newcomer to the world of computers have 
to cope with such alien words as I NIT, 
CHRS, GOSUB, STR$, REM, and DIM. 
A rapidly growing number of young 
people and the young-at-heart are enter- 
ing the world of microcomputers riding 
on the back of a turtle. 

Not long ago, the turtle was an electro- 
mechanical pet that roamed the floor, 
controlled by a sizable computer and a 
simple child-oriented keyboard. Young- 
sters could manipulate the turtle through 
the keyboard to make it draw pictures on 
large sheets of paper. The turtle had a 
unique pen that it could raise or lower to 
draw figures. 

In drawing pictures of houses, animals, 
or just geometric shapes, youngsters 
gained valuable experience in logical 
thought and problem-solving. Each task 
had to be broken down into the simplest 
steps, and then assembled in a structured 
procedure to accomplish that task. If the 
drawing was not correct, they went back 
ifined the procedure until it was 
the way they wanted. 
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Now the turtle resides on the computer 
display screen in the shape of a small 
triangle. But it will still draw pictures, 
responding to simple commands to go 
FORWARD, BACK, LEFT, or RIGHT. 
These turtle graphics commands were 
first introduced to microcomputers 
through the Logo language, but are now 
being incorporated into an increasing 
number of languages and personal 
computers. 



Just as you select a 
car to suit your own 
personal tastes, 
so you should select a 
turtle graphics 
language. 



Last summer, while watching a group 
of youngsters manipulate the cybernetic 
turtle around the screen to create some 
dazzling graphics, it struck me that these 
young people needed a place in which 
they could fully explore the world of 
microcomputers and microelectronic 
technology. They needed their own orga- 



nization through which they could come 
to know what different computers could 
do, what languages such as Logo, Pilot, 
Basic and Pascal were all about. They not 
only needed the chance to explore the 
computer, they needed the challenge to 
excel. From this, the Young Peoples' Logo 
Association has evolved with a member- 
ship of Turtles that span all 50 states, and 
a growing number of foreign countries. 

At first the choices were easy. Through- 
out 1981, Logo was available only on the 
TI 99/4 computer. And, through turtle 
graphics and the sprite mode our young 
Turtles were soon developing procedures 
to accomplish all sorts of colorful things. 
We occasionally used Big Trak, the 
programmable truck from Milton Bradley, 
to help demonstrate the Turtle commands 
of FORWARD, RIGHT, LEFT, and 
REPEAT to show how a picture had to 
be broken down into each step the turtle 
was to take. 

By programming Big Trak to go around 
the Ping Pong table and under the bench, 
and to fire its phaser at the dog, for 
example, youngsters were able to visualize 
the steps needed to guide the Turtles 
around the screen to accomplish complex 
geometric tasks. 

Atari Pilot 

Then came Atari Pilot with turtle 
graphics, followed quickly by two versions 



T: "Please enter a distance. 1 
A: #A 
GR: *HERE 

GR: PIH RED 

GR: 4(0RAW #A; TURN 90) 



C: #A * #A + 2 
J: *HERE 

Figure L 



T(ype): "Please enter a distance." 
A(ccept): #A (#A is a variable) 
GR(aphics): *HERE (Sets up the Label, 
"HERE.* 

Tells the pen to draw in red "Ink." 
GR(aphics): 4(0RAW #A; TURN 90) Repeat 
the operations within the brackets four 
times."— J the turtle will draw a red 
line #A units long and then turn right 
90O, putting a red box on the screen. 
C(ompute): The value of #A = The value 
of #A plus 2. 

J(ump to): *HERE, or to the Label, M 
HERE," and repeat the process. - 
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Friendly Computer, continued... 

of MIT Logo for the Apple II, and then 
Apple Logo. Turtle graphics is also avail- 
A Be through other languages and systems 
^^.;ne form or another. Of course, Big 
^mtk has been available for a few years, 
offering a rudimentary introduction to 
turtle graphics. This makes it increasingly 
difficult to recommend what parents and 
teachers should buy for their own 
Turtles. 

Just as you select a car to suit your own 
personal tastes, so you should select a 
turtle graphics language. For example, 
for the novice driver, the simpler, 
economy model may be the best vehicle. 
For under $500, an Atari 400 computer 
and a colorful, easy-to-use language. Atari 
Pilot with turtle graphics, is made readily 
available to youngsters from primary 
grades up. 

In addition to offering enjoyable turtle 
graphics features and advantages, Atari 
Pilot offers the unique feature of an easy 
transition to Basic and other common 
microcomputer languages. For example, 
it shares some common format and 
editing features with Basic. 

Pilot, for Programmed Inquiry, Learn- 
ing, Or Teaching, is a very conversational 
language which uses simple line abbrevia- 
tions to prescribe the function of that 

«It was developed initially as an easy- 
e authoring system for educators. 
Atari has added turtle graphics fea- 
tures to the language to make it more 
user-friendly. (See Figure 1.) 

If I choose to retain this short program 
for drawing a box, I can do so by simply 
entering the command AUTO followed 
by the label *BOX and the program. To 
mark the end of the program, enter E: 
When listed, the program would look like 
this: 



10 *B0X 

20 T: PLEASE ENTER DISTANCE. 

30 A: #A 

40 *HERE 

50 GR: PEN RED 

60 GR: 4(DRAW #A; TURN 90) 

70 C: #A = #A ♦ 2 

80 J: *HERE 

90 E: 



The program is run by first clearing the 
screen to set up the graphics mode with 
GR:CLEAR. Then the Use command is 
entered "U: *BOX. An endless series of 
red boxes will be drawn on the screen. 
However, that can be limited by simply 
changing line 80 to read: 
^fc?A 45): *HERE 

, boxes will be drawn until the 
cffiiension of a side equals 5. 

Boxes and other figures can be placed 
at anv coordinates on the screen. The 
turtle can draw in yellow and blue, as 
well as red. There is also a command to 



FILL a box or a house, so you can make a 
city r of little, boxes or colorful 
skyscrapers. 

The language offers sound effects and 
assembly language access to add some 

truly spectacular effects. It is also recur- 
sive in that commands such as *BOX can 
be used in other procedures. It also offers 
some very interesting text manipulation 
capabilities for easy lesson programming, 
as well for developing word games. 

The greatest asset of the language is 
spectacular documentation that is heavily 
illustrated, thorough, and very easy to 
understand. Also included are two well- 
done demonstration tapes that orient the 
user to the capabilities of the language. 

However, Atari Pilot has some distinct 
limitations when compared to the various 
implementations of Logo. The language 
)s much smaller in size and in scope. But, 
when it comes to the practical real-world 
situation of economically providing 
youngsters with the opportunity to 
explore the fun and excitement of per- 
sonal computing, Atari Pilot is an excel- 
lent choice and an excellent introduction 
to the Atari computers. The books that 



The sprite mode is 
especially useful 
for elementary grade 
youngsters. , 



accompany the language do as much to 
make the computer user-friendly as does 
the language itself. 

Three Versions 

There are currendy three versions of 
Logo available through four companies: 
TI Logo from Texas Instruments, MIT 
Logo for the Apple computer from Ter- 
rapin, Inc. and Krell Software Inc., and 
Apple Logo developed by Logo Computer 
Systems, Inc. of Canada, and distributed 
by Apple Computer Inc. 

TI Logo requires the basic TI 99/4A 
console plus Extended Memory and the 
TI Logo command module. The sug- 
gested retail price for the minimum sys- 
tem is just under- $1000. The versions of 
Logo for the Apple II computer require 
at least one disk drive, extension of the 
basic memory to 64K, and the language, 
bringing the suggested retail price for the 
complete system to around $2400. The 
language alone is available from Terrapin, 
Inc. at $149.95 and from Krell Software 
for $179.95. The Krell version includes 
an extra demonstration disk called "Alice 
in Logoland," which takes the user 



through examples of virtually all of the 
capabilities of the language. Apple Logo 
is available for $175 and comes with two 
excellent, heavily-illustrated books. In 
terms of documentation, Apple Logo and 
Atari Pilot are the two very clear-cut 
standouts. 

All of the versions of Logo offer a turtle 
graphics mode which moves the turtle 
around the screen to draw geometric 
shapes and patterns. The Apple versions 
each offer five pen and background colors 
whereas TI Logo offers sixteen colors. In 
the MIT versions of Logo, the shape of 
the turtle may be redefined and moved 
around the screen to create animated 
procedures. TI Logo, however, offers 32 
Sprites which may carry or look like 27 
shapes. These shapes may be any of five 
predefined shapes in the language, or they 
may be defined by the user. The shapes 
will not, however, draw lines. 

Sprites 

The sprite mode is especially useful for 
elementary grade youngsters in that it 
provides a very colorful means for them 
to become actively involved with the 
computer right away. It also provides the 
means for demonstrating what might 
otherwise be incomprehensible math- 
ematical concepts. 

For example, it is extremely difficult to 
explain the numerical concept of "zero" 
to young children. They have no knowl- 
edge of what "nothing" is. However, this 
abstraction becomes very real when they 
TELL :ALL (of the sprites to) CARRY O. 
Those sprites that are on the screen will 
then disappear. 

There is, however, an inconsistency in 
TI Logo that can be quite confusing to 
young programmers. In the Turtle Mode, 
it is possible to SETCOLOR [6 15] and 
have the Turtle draw a red line on a white 
background. However, in the Sprite 
Mode, the computer will not accept this 
as an input. Only the pencolor can be 
specified with the SETCOLOR 
command. 

A graphics board that provides ani- 
mation capabilities for Apple Logo was 
demonstrated at the West Coast Com- 
puter Faire in March. This board allows 
32 turtles to assume shapes designed into 
the language or by the user, allows for the 
use of 16 colors, and sets the turtles in 
motion with or without the pen drawing a 
line. 

A valuable feature of the versions of 
Logo for the Apple Computer is the 
ability to select full screen or partial 
screen graphics. This can be done even 
while a procedure is in process. In the 
Turtle Mode, TI Logo reserves the bot- 
tom portion of the screen for text. In the 
Sprite Mode, the full screen is used with 
text written from the top of the screen. 
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Apple Logo allows the user to select 
the option of having the Turtle "wrap" or 
n^^Simple commands direct the turtle 

erse direction when it comes to the 

S^Fof the screen, or simply to disappear 
off the screen. In TI Logo, the turtle and 
the sprite always wrap around. 

Logo for the Apple offers considerably 
more flexibility in both graphic and arith- 
metic operations through the use of 
floating point math. This allows for trigo- 
nometric, logical, square roots, and other 
math functions not possible through the 
TI integer-only system. In addition to the 
numerical flexibility, the Apple versions 
of Logo offer more graphic flexibility. 

For example, consider the following 
simple procedure: 



TO SPIRAL : DISTANCE z ANGLE 

FORWARD :DISTANC£ 

RIGHT: ANGLE 

MAKE "0:0 ♦ T 

SPIRAL : DISTANCE : ANGLE 

END 



Running this simple procedure on the 
M Ife computer will result in the drawing 
ever-increasing spiral. By entering 
sWkAL 1 144, a star will be drawn that 
will increase in size each time it is drawn. 
The screen will eventually become totally 
white with only the turtle visible as it 
continues to draw. In TI Logo, however, 
the computer will signal OUT OF INK 
after about 25 repetitions of the 
procedure. 

Apple versions of Logo provide inter- 
facing to printers and other peripherals 
through assembly language access. The 
MIT versions of Logo for the Apple offer 
SAVEPICT and READPICT commands 
for saving and reading the contents of the 
screen into and from memory. The screen 
can also be printed out, a feature that is 
especially useful for showing screen 
graphics. Apple Logo does not offer these 
commands but they can be programmed. 
TI Logo offers no interfacing capability. 
Procedures can be printed on the TI 
Thermal Printer, and programs can be 
stored on tape or disk. 

Logo and the Handicapped 

Imagine the use of Logo by the physi- 
cally handicapped wherein they have 
a cces s to single-key commands that print 
<M phrases and sentences. People with 
J^^( arthritis or other problems that 
limit their ability to type could still use 
the computer to communicate by entering 
a single key command. 
For example: 



TO G- . . • - - 

CLEAR SCREEN 
PRINTER 

PRINT [YOUNG, PEOPLES* LOGO ASSOCIATION] 

PRINT [1208 HILISOALE ORIVE} 

PRINT [RICHARDSOin TEXAS 750STJ * *U 

PRINT P ] * . 

PRINT [DEAR YPLArJ 

hrlu! ~ . ' • . " • 

■- 



By simply typing the letter G and enter, 
the address of the YPLA and opening of 
the letter would be printed out on the 
printer. With a menu of useful phrases 
and sentences, the handicapped have a 
new means of communication readily 
available to them. And this list can be 
altered very easily to serve new 
requirements. 

Another benefit of assembly language 
access through Apple versions of Logo is 
the ability to create new features in the 
language, such as music and sound 
effects. This also gives the user access to 



The real power of Logo 
for the Apple 
computer becomes 
evident with the 
list processing 
capabilities offered 
by each. . 



16-color low-resolution graphics and the 
chance to alter the character set. TI Logo 
allows direct access to the character set 
by which youngsters have created their 
own alphabets and codes. There is no 
access to music or sound capability in 
this version, however. 

The value of TI Logo is in its graphic 
capabilities and its user-friendliness for 
very young children. When the idea* for 
the YPLA was being formulated last 
summer, junior high students and first 
graders used to get together around a few 
computers on a Ping-Pong table with the 
intent of duplicating their favorite arcade 
games through the computer or simply 
drawing colorful -flowers. Not only did 
they all find the TI 99/4 exceptionally 
easy to use, they found that TI Logo 
offers very easy access to some exciting 
graphic and game programming 
capabilities. 

We have had a variety of games 
developed including versions of lunar 
lander, flight control, crossing the asteroid 
belt, and similar exercises. Primary grade 



youngsters have developed some very 
interesting pictures, not to mention our 
first computerized Christmas card. The 
"human factors" designed into the lan- 
guage make it an excellent choice for 
elementary and junior high schools, and 
for those age groups at home. Unfortun- 
ately, the documentation that accom- 
panies the language leaves a lot to be 
desired. 

For example, a variety of undocument- 
ed commands have been found in TI 
Logo. FPUT, LPUT, THING, 
NUMBER?, WORD?, THING? are 
among these. The manual accompanying 
TI Logo was supposedly written for mid- 
dle school age children, which makes it 
difficult to understand why the joystick 
commands, JOY1 and JOY2, were 
omitted. 

Not only do these commands make the 
language competitive with several other 
child-oriented software packages, they 
offer some very interesting opportunities 
for using TI Logo with the handicapped. 
Each position of the joystick represents a 
different numerical input, and a simple 
rewiring or rebuilding of the joystick 
would offer the physically handicapped 
access to the computer. 

# 

Documentation 

The documentation problems with TI 
Logo are reportedly being corrected, and 
a TI Logo Curriculum Guide is being 
published. In addition, several authors are 
preparing books on TI Logo for various 
age groups. Thus, this problem should 
disappear, hopefully as this article is being 
published. 

The real power of Logo for the Apple 
computer becomes evident with the list 
processing capabilities offered by each. 
These capabilities tend to make these 
versions more complete computer ian- 
gauges. However, there are some differ- 
ences worth noting. The MIT versions 
offer some editing and debugging com- 
mands which have to be programmed into 
Apple Logo. On the other hand, error 
handling in Apple Logo is generally more 
efficient in that error handling commands 
can be defined by the user. 

The MIT versions of Logo for the 
Apple and the TI 99/4 were experimental 
developments. It would appear that Logo 
Computer Systems, Inc. learned from 
these experiments and has come up with 
a more complete language. Of course, it 
is reasonable to assume that all of the 
Logo developers are looking at improve- 
ments In the language. Thus, it will take 
more time to determine which version is 
going to become the "standard." 

For the parent and teacher, there are, 
indeed, some tough choices. For the 
economy-minded. Atari Pilot is an excel- 
lent choice, the subcompact model that 
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Kits Now 
Available 



MERRY BEE 




Ages 5-6 $29.95 

Word Games 8 to Adult $24.95 

Early Words Ages 5-7 $19.95 

Musk Drill $19.95 



notes 



Each disk includes 3-12 



Tor fun and educational too. 
full use of graphics and sound. 
Apple 11+ 48K. Specify 3.2 or 3-5. 
Add $2.00 shipping per order. 
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MERRY BEE 
COMMUNICATIONS 

815 CREST DRIVE 
OMAHA. ME 68046 
(402) 592-3479 



Specializing in Apple software. 
Consultants in interactive video. 



a 



a trademark of Apple Computer Co. 
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NEWPORT "Pro-Sticks" 

the Mercedes of Joysticks 
'Creative Computing Magazine* Aug. 1982 

Soft-Touch Controllers 

for busy fingers and fast action 



Extension "Y" Adapters 

with rapid fire action 



Build your own custom video- 
game controls from our proven 
high quality arcade components. 

Create your own control console ri&ht in 
your home. Send $3.00 for a brochure of 
creative and innovative ideas in custom 
video game joysticks and controllers. In- 
cludes easy to follow schematics and in- 
structions for Atari. Apple. Pet Com- 
modor, TSR-80, and other computers, 
and a complete kit and components price 
list. 

INQUIRE ABOUT OUR CLUB DISCOUNTS 



Please rush me 



brochures at $3.00 



each (includes First Class Mail and 
handling) and mail to: 



N 



Address 

City 



State. 



Zip. 



NEWPORT MACHINE DESIGN 

P. O. Box 418. Bishop. CA 93514 

(714) 873-5677 
»••••••••••••••••••••••••••••• 
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BINDERS 

Are your back issues of Creative 
Computing stacked in piles? In 
boxes? Does the one you want 
always seem to be missing? If so, 
you need our binders. Made of 
vinyl with the Creative Computing 
logo sflk screened on front and 
spine. Each holds 12 issues with 
sturdy locking wire posts. Just 
$195 each. Or save by ordering 
3 for $22.50, 6 for $42.95. 




CHARGE ORDERS PHONE 24 HOURS 
TOLL FREE 800-631-6112 

In N.J. only (201) 540-0445 




coxKpatiBtf Dept. C924 , 39 E. Hanover Avenue, Morris Plains, NJ 07950 

me Creative Computing Binders. 



□ PAYMENT ENCLOSED $- 



(NJ residents add 5% sales taxj 



Add $1.00 per order for postage and handling. Outside USA add $2.50 per unit 
ordered. Send U.S. funds only. 



□ CHARGE MY: 

□ American Express □ MasterCard □ Visa 



Card Number - 
Signature 



-Exp. Date. 



MrTMrsiMs.- 
Address 



full 



City/ State/Zip- 
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Friendly Computer, continued... 

offers excellent economy combined with 
efficient performance. This is not only 
because of the user-friendly benefits but 
because of its similarities to other more 
readily available programming languages. 
TI Logo is an expensive version of Logo, 
the intermediate model offering some 
unique benefits that will undoubtedly be 
improved and expanded in time. The TI 
computer is gaining rapidly in popularity 
and is being more actively supported by 
third parties, a good indication of the 
viability of the product. 

The top-of'the-line resides within the 
Apple computer. To carry the analogy a 
step further, consider the version of Logo 
offered by Terrapin, Inc. as the solid, 
comfortable, efficient, four^Ioor sedan. 
It is an excellent, long term investment 
backed by an experienced company. But 
would you teach a first time driver in a 
Mercedes or Cadillac El Dorado? 

The Krell Software version appears to 
have more of a "luxury sports car" 
approach. It is a lean, dramatic package 
that offers comprehensive and colorful 
demonstration procedures. But in total, it 
is the model that requires some prior 
experience to use most efficiently. 

Apple Logo is the Grand Touring 
model— solid, comfortable, dramatic, 
luxurious, well-documented, with out- 
standing performance. It stands out 
because of its thorough attention to 
detail. 

In our Turtle Learning Centers in Irving 
and Richardson, TX, we use them all. 
Each has its own followers and supporters. 
Each language has its own advantages. 
But, most important, there is something 
for everyone. 

Many computer owners may find it 
hard to relate to that statement. This is 
why the analogy of languages to auto- 
mobiles goes far beyond selection in a 
showroom. A few years ago, I was actively 
involved in promoting an employer's 
products to the road racing field. Race 
drivers, the hobbyists of the auto industry, 
were no more fiercely loyal to their 
favorite manufacturers than are computer 
owners. 

It is from the development work of the 
hobbyists that many consumer products 
have evolved— cars, radios, TV, hi-fi, 
stereo, and now the computer. Hopefully, 
the new friendly languages will be the 
development to make consumer products 
out of computers. □ 



MicRo Information Systems 
a division at M-R Information Systems. Inc. 
Presents Educational Software 
designed to motivate the student, 
(programs available for the TRS-00 

Mod III* and VIC") 
Write for complete catalog, to: 
M-R Information Systems. Inc.. 
P.O. Box #73. Wayne. NJ.. 07470 
" TM Tandy, TM Commodore 
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Logo 



A Cultural Glossary 



E. Paul Goldenberg 
Lincoln-Sudbury Regional High School 
390 Lincoln Rd. 
Sudbury, MA 01776 



For easy access, the terms in this glossary are arranged alphabetically, but this arrangement hides 
the complex interrelationships of the ideas in the definitions. The groupings on this page were 
developed to make obvious the relationships between important Logo concepts. You can use it as a 
map to guide you through the glossary. 

The groupings do not represent a true tree structure because some of the terms appear under 
several different headings. The main concepts are organized into broad categories, with more 
detailed information listed in outline form under each main heading. 



The Logo Language 



program 

procedures 

nand 



Seeds of the Logo Culture 



•)tlM 



operation 
primitive 
subprocedure 

workspace 
global 
local 
state 

recursion 

interation 

input and output 

object 

word 

list 
sentence 



artificial intelligence (AI) 

microworlds j 
LISP 

Piaget 

debugging 

QWERTY phenomenon 



Outside the Logo Culture 

computer-aided instruction (CAI) 
computer literacy 



turtle 

turtle graphics 
turtle geometry 
Total Turtle Trip Theorem 
playing turtle (body geometry) 
forward (back) 
left (right) 
dyna turtle 
sprite 



Learning and Thinking 

interest worlds 
microworlds 
powerful ideas 

state 

recursion 

subproceduralization 
metaphors 
prosthetic 

anthropomorphic images 
playing turtle 
teaching 



problem solving 
debugging 

controlling the computer 
computer literacy 
teaching 

programming 




This glossary is more cultural than 
echnical partly because the learning 
osophy behind Logo is more of a 
ure than a technique. The Logo 
technical vocabulary consists, for the 
most part, ot 

from general usage to refer to specific 
Logo metaphors, images, and ideas. 
Many of the terms and definitions 
presented here are derived from three 
books: Seymour Papert's Mind- 
storms: Children, Computers, & 
Powerful Ideas (New York: Basic 
Books, 1980); Harold Abelson and 
Andrea diSessa's Turtle Geometry: 
The Computer as a Medium for Ex- 
ploring Mathematics (Cambridge, 
MA: MIT Press, 1981); and my own 
Special Technology for Special 
Children (Baltimore: University Park 
Press, 1979). Reference is also made 
to Brian Harvey's article "Why 
Logo?" on page 163 in this issue of 
BYTE. 



artificial intelligence (AI): the branch 
of computer science from which Logo 
grew. The name of this science 
derives from its attempts to simulate, 
using machines, the behavior that is 
regarded as intelligent in people or 
als. If this narrow view of the 
was ever true, it no longer is. 
Cognitive psychology and artificial 
intelligence together are sometimes 
referred to as cognitive science. They 
study such disparate processes as 
natural-language understanding, 
visual perception, and knowledge ac- 
quisition. Good studies of human in- 
formation processing frequently re- 
quire both a careful study of how 
people perform tasks and serious at- 
tempts to build models based on a 
theory and observations to test the 
theory. The complexity of these 
models requires computer simulation. 




anthropomorphic images: metaphors 
in which computers, computer proce- 
dures, and objects controlled by com- 
puters are thought of as if they were 
persons. "Anthropomorphic images 
facilitate the transfer of knowledge 
from familiar settings to new con- 
texts. For example, the metaphor for 
what is usually called programming 
computers' is teaching the turtle a 
new word." (See Papert, page 59. 
Thinking of the machines as (limited) 
people— and even modeling people s 
behavior through analogies to ma- 
chine processes-does not involve 
treating people like machines. (On 
this latter point, see the entry — 
computer-aided instruction.) 



command: a Logo procedure that per- 
forms in some particular way, but 
does not return a value to its calling 
procedure. It's analogous to a pro- 
cedure in Pascal. See also operation. 
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About the Author 

While working with the Logo Group at Mil . 
E Paul Goldenberg pioneered in applications 
of Logo for education and rehabilitation of 
children with severe communication handi- 
caps. His book Special Technology for Special 
Children presents the philosophy, psychology, 
and technology behind this work and illu- 
strates it with case histories. He is gently 
Assistant Professor of Rehabilitation Medicine 
at Tufts Medical School and will soon be direc- 
tor of the computer department at Lincoln- 
Sudbury Regional High S chool. 



computer-aided instructs 
the broadest sense, any 
endeavor that is aided by computers. 
In general, however, CAI means 
automated worksheets (drill and 
practice) or electronic tutors (frame- 
oriented CAI or automated pro- 
grammed texts). This is very different 
from the Logo philosophy of using 
the computer not as the supplier or 
exerciser/ tester of knowledge, but 
rather as a context within which to 
use thinking to solve problems of 
genuine interest. 

Programmed learning explicitly 
models the human as a machine in 
that the student is being programmed 
by the computer. Logo learning sees 
the learner as the agent-actively 
constructing knowledge. The student 
takes the teacher's role— teaching the 
turtle a new word. 



computer literacy: often seen as a 
general (and superficial) experience 
with computers. This concept is tied 
to a transitional stage in the spreading 



of computer technology. When com- 
puters were rarer and more special- 
ized, computer literacy was not an 
issue (just as no one now worries 
about electron-microscope literacy). 
When computers become as common 
as cars, computer literacy will cease 

to be an issue. 

Literacy has two conventional 
meanings. The first— being well-read 
and articulate in one's language— sug- 
gests fluency in a particular computer 
language. Programming is having the 
ability to express a novel idea in that 
language. Letting children be pro- 
grammers, helping them to become 
fluent at expressing mathematical and 
logical ideas, is the Logo sense of a 
thoughtful literacy. (This idea, how- 
ever, doesn't fit in with the image that 
the word "literacy" is generally used 
to convey, a skill that every child 
must learn in order to be able to cope. 
It's more like learning a foreign lan- 
guage: a valuable skill for those who 
choose to learn it, but not an absolute 
requirement for life or for employ- 
ability.) 

The other conventional meaning ot 
literacy— having minimal reading 
i skills— makes little sense in a society 
replete with computers. With many 
computer languages to choose from, 
what could be considered minimal 
communication skills7 Teaching gen- 
eral familiarity with computers with- 
out providing an opportunity to 
develop good communication skill is 
a little like having a course teaching 
people the names of the features of a 
car without allowing them to learn to 
drive. 



controlling the computer: the issue is 
one of locus of control. Whereas 
computers have conventionally been 
used in education to program the 
kids— in effect, to control their be- 
havior—the Logo philosophy stresses 
kids programming computers. It is 
often said that teaching is the best 
way to learn. The computer is a 
highly responsive student and rigidly 
faithful to its teacher. For students 
who have had little sense of control in 
school, this, even apart from the con- 
tent of the subject they are studying. 





is a valuable experience, (The impor- 
tance of being in control is particular- 
ly apparent in the Logo work of stu- 
dents with special needs. For more, 
see Special Technology for Special 
Children. 

debugging: improving the behavior 
of a program that does not do what 
you want it to. Logo emphasizes that 
programs that do not work as desired 
are merely unfinished, rather than 
bad finished products. This is in 
sharp contrast to many school situa- 
tions in which a task is considered to 
be over when a particular time has 
come, rather than when it "works." 

In school, a written composition 
tends to be graded as it stands, rather 
than debugged. (If the teacher does 
encourage a student to improve a 
paper, the effort involved can be pro- 
hibitive.) Logo teachers encourage 
students to love their bugs. If a turtle 
does not do what you wanted it to, 
chances are that it does something in- 
teresting anyway. The unwanted be- 
havior may lead to new ideas more 
interesting than the original task. A 
bug can be neat I It can certainly teach 
you something . . . study it! 



happens to have at the moment). The 
only other turtle-geometric state- 
change operator dealing with the tur- 
tle's position is called BACK. Neither 
of these change the turtle's heading. 
See also LEFT. 

global: something pertaining to the 
entire environment being considered. 
Among variables, global variables 
are those that can be accessed and 
changed from any place in a pro- 
gram. Logo encourages the use of 
local variables— variables that belong 
to a particular procedure— because 
they make for more orderly and more 
debuggable programs. 

Another kind of global reference is 
the Cartesian coordinate system. It is 
global in that each point is specified 
in relation to a standard referent (the 
origin). Points are not specified in 
relation to each other. For a discus- 
sion of the difficulties caused by such 
a global perspective for graphics rep- 
resentation, see the section of Brian 
Harvey's article "Why Logo?" on 
page 178 in this issue of BYTE. Logo's 
orientation is, in general, toward 
local references. See local. 




dynaturtle: a dynamic (rather than 
static) turtle. Whereas a static turtle 
has a fixed spatial position and head- 
ing, a dynaturtle may have a fixed 
velocity or acceleration. Whereas 
commands (state-change operators) 
to a static turtle specify a change in 
position (e.g., FORWARD 100) or 
heading (e.g., LEFT 90), a command 
to a velocity turtle specifies a change 
in velocity and has an analogy to 
force. Dynamic turtles can be a flexi- 
ble laboratory tool for experimenta- 
tion in physics and mathematics and, 
like their static cousins, for aesthetics 
as well. 

FORWARD: Logo command to the 
turtle telling it to move forward in the 
direction it is heading. This state- 
change operator takes a single input 
that says how far (in turtle-steps) for- 
ward to move. For example, 
FORWARD 100 says move forward 
100 units; FORWARD :SIDE + 1 0 says 
move forward the distance 1 0 + -.S1DE 
(whatever value the variable :SIDE 



input and output: within the Logo 
culture, we pay more attention to the 
inputs and outputs of procedures 
than to traditional issues of hard- 
ware. The input to a procedure is 
thought of as a message that the pro- 
cedure needs in order to do its job. As 
an example, FORWARD needs an in- 
put telling it how far to move the tur- 
tle; PRINT needs to know what to 
print. Some procedures need more 
than one input message in order to 
know what to do. A procedure to 
draw arbitrary polygons, for exam- 
ple, needs two inputs, one telling it 
the size of its forward step, and the 
other telling it the angle to turn at 
each corner. 

The output of a procedure is a 
message sent back to the procedure 
that called it. For example, SUM out- 
puts a message that is the sum of its 
two inputs. A procedure that pro- 
duces output (see operation) must 
send its message to a procedure ex- 
pecting an input. (In this way, output 
and input are closely linked in Logo.) 
Hardware aspects of I/O are handled 



conveniently for the programmer so 
she can concentrate on the behavior 
of the conceptual building blocks 
(procedures) she is creating without 
wasting attention on the machine. 

interest worlds: areas of special in- 
terest in which the computer can be a 
useful tool, servant, or laboratory. 
Art, music, geometry, physics, and 
language have all been extensively de- 
veloped as interest worlds by various 
Logo investigators. See also micro- 
worlds. 

iteration: telling the computer to exe- 
cute something repeatedly. See recur- 
sion, which Logo favors as a control 
structure. 

learning: the focus of the Logo envi- 
ronment. What one does for oneself. 
See teaching. 

LEFT: Logo command to the turtle 
telling it to turn left while remaining 
in the same location. This state- 
change operator takes a single input 
that says how many degrees to turn. 
For example, LEFT :ANG says turn left 
:ANG degrees (whatever value the 
variable :ANG happens to have at the 
moment). The only other turtle-geo- 
metric state-change operator dealing 
with the turtle's heading is RIGHT. See 
also FORWARD. 



LISP: acronym for LISt Processing. A 
programming language widely used 
in artificial-intelligence research, the 
basis for many of the ideas in Logo. 

list: Logo's fundamental data struc- 
ture. A list is an ordered sequence of 
arbitrary Logo objects (see object). 
Since its elements may be either 
words or other lists (which may 
themselves contain yet other lists, 
nested to any level), lists can be used 
to create very complex data struc- 
tures. They can represent information 
trees (decision trees, binary trees, 
etc.) and unordered sets. Lists are 
sometimes used in Logo to accom- 
plish the same purposes for which ar- 
rays might be used in other lan- 
guages. (Logo also has other ways of 
providing access to information tr.at 
is indexed numerically or with alpr.a- 



betic labels. Some Logo imple- 
mentations have array-handling prim- 
itives.) The simplest elements of lists 
re words. 



something that has meaning 
only in the specific context in which it 
is being used. A local variable is one 
whose name has a value only within 
the procedure in which it is defined. 
Most variables used in Logo are local. 
The turtle's perspective on its turtle- 
moves is also a strictly local one. It 
does not know where it is (with re- 
spect, say, to a globally defined 
origin). In the grand scheme of 
things, it doesn't need to know where 
it is. It only needs to know how to 
move with respect to itself. 'The tur- 
tle can forget about the rest of the 
plane when drawing a circle and deal 
only with the small part of the plane 
that surrounds its current position. 

"By contrast, x 2 + y 2 - r 2 relies on 
a large-scale, global coordinate sys- 
tem to define its properties. And de- 
fining a circle to be the set of points 
idistant from some fixed point is 



just as global. . . . The turtle repre- 
sentation does not need to make ref- 
erence to that 'faraway' special point, 
the center." (See Abelson and 
diSessa, page 14.) This local view of 
movement in space is not only easier 
to use for simple mathematical ideas, 
but lends itself quite beautifully to ex- 
tensions into very fancy math; cal- 
culus and limits immediately come to 
mind. See global. 

Logo: not an acronym. Derived from 
the Greek word for "word" or 
"thought." The name was coined by 
Wallace Feurzeig at Bolt Beranek and 
Newman Inc., one of the collabora- 
tors in the development of the lan- 
guage. 

metaphor: Logo learning makes con- 
siderable use of metaphor and pays 
particular attention to which 
metaphors are chosen. Is a computer 
a tutor, a student, a pair of eye- 
glasses, or a screwdriver? Is a vari- 
able name the name by which we 
refer to a particular value, or the 



INVESTMENT ANALYSIS 
FROM CENTENNIAL 



STOCK-FOCUS 

Find out how low is low and how high is high. 
Using capital structure and performance data. Stock- 
focus objectively calculates rhe underlying value of a 
stock The system was first developed by the manage- 
ment science department of a major money center 
bank, and is now in use by investment advisors, trust 
companies and brokerage houses. On your screen. 
Stock- focus will plot an estimate of lowest value, highest 
value and the current price. You then decide what to 
buy, sell or hold. 

THE FOCUS TECHNIQUE 

FOCUS is CENTENNIAL SOFTWARE'S new 
approach to Program Architecture, providing a nar- 
ural interaction between microcomputers and users. 
It provides worksheet style input screens, free access 
to all program segments, and the ability to com- 



REAL-FOCUS 

Exhaustively analyze potential real estate invest- 
ments using the Wharton School's approach to real 
estate analysis. In minutes you can project profit, costs, 
and IRR for any project over a 10 year period. Real- 
focus accounts for amortization, debt, income, operat- 
ing expenses, taxes, depreciation, and cash flows for 
both after-fax holding and the results of sale. With 
Real-focus you can analyze any potential jnvestment 
from a single building project to a complex r : - 
planned unit development. 



bine individual results files for portfolio analysis. You 
also receive a usable reference manual, menu helps, 
a program glossary, multiple report formats and spool- 
ing. With our FOCUS technique even rhe most com- 
plex programs are versatile and easy to use. 
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name of a box in which we find what- 
ever we find? Are procedures little 
folks with specific jobs to do? Are 
robot turtles literate but literal- 
minded pets7 It is not that Logo 
learners have particular metaphors 
that are different from those of 
others— some people find the little- 
people model of procedures useful, 
while others find it irritating— but 
that the use of metaphor is such a 
natural part of Logo learning. 

microworlds: as used by Logophiles, 
a microworld is a well-defined, but 
limited, learning environment in 
which interesting things happen and 
in which there are important ideas to 
be learned. A microworld can have 
other microworlds within it. For ex- 
ample, within the microworld of tur- 
tle graphics, one can define a smaller 
microworld consisting of all the de- 
signs that can be drawn with a 
POLYSPI procedure. (See R. W. 
Lawler's "Designing Computer-Based 
Microworlds" on page 138 in this 
.) 

The concept of microworlds is 
borrowed from artificial-intelligence 
research. It's very difficult to simulate 
intelligent behavior in general, but by 
restricting our attention to a very 
small area we can begin to find ele- 
ments that can be modeled. Thus, the 
concept of microworlds is a useful 
source of interesting programming 
projects. 

The most famous AI microworld is 
the blocks world, in which the com- 
puter controls a robot arm that can 
manipulate small blocks. You can tell 
the computer things like "Put the red 
block on top of the small green 
block/' or ask questions like "Are any 
green blocks under a red block?" This 
is a microworld of the English lan- 
guage (among other things) in that it 
must understand the vocabulary, 
syntax, and semantics of sentences 
pertaining to the moving of blocks. It 
is also a microworld of structural 
stability, in that it must understand 
what physical maneuvers are possible 
with stackable blocks. One canno:, 
for example, realistically pick up the 
bottom block in a stack of eight with- 
out dropping others. Similarly, ore 
can place a pyramidal block on a 
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object: the naturalness with whicn 
Logo passes data messages back and 
forth among procedures (see input 
and output), and the ubiquity of an- 
thropomorphic images for those pro- 
cedures, makes the metaphor of ob- 
ject manipulation very appealing for 
what tends to be called data process- 
ing elsewhere. Logo has two kinds of 
data objects, words and lists. (Some 
implementations also provide ar- 
rays.) Though procedures are gen- 
erally known as the active elements in 
a workspace, they can also be manip- 
ulated (created, edited, destroyed, or 
passed back and forth) by other pro- 
cedures. Therefore, Logo's proce- 
dures are also frequently referred to 
as objects, especially when one is re- 
ferring to the contents of the work- 
space. Finally, "object" retains all of 
its conventional meanings in addition 
to the technical sense mentioned 
already. Thus, we speak of proce- 
dures as manipulating objects, 
whether the objects are words printed 
on the screen or turtles doing a dance 
on the floor. 

operation: a Logo procedure that 
computes a value and returns that 
value to the calling procedure. (It is 
analogous to what Pascal calls a func- 
tion.) The value can be any Logo ob- 
ject—a number, word, or list. See 
also command. 



as the result of bugs in a program that 
does give mostly the right answer. 
The frequent focus of attention on 
Piaget's stages is a bit of a red herring. 
Although he has described these 
stages discretely, it is their contents— 
the form that thinking takes at vari- 
ous developmental levels, the logic of 
it— and not the stages themselves, or 
the age at which they appear, that are 
the real importance of Piaget's 
theory. 

Evidence of the influence of Pia- 
getian thinking (if not each of Piaget's 
specific notions about thinking) per- 
vades the Logo culture. Our interest 
in debugging, the metaphor of ob- 
jects, and the assimilation of com- 
puter technical ideas into familiar 
contexts (e.g., anthropomorphization 
or playing turtle) all reflect that in- 
fluence. 
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Piaget: Jean Piaget, one of the great 
thinkers of our time, realized the 
value of looking at a wrong answer 
and trying to understand it (see de- 
bugging). He was a keen observer of 
children and recognized that every 
learner (in particular, each infant and 
child) takes an active role in his or her 
own development. For each wrong 
answer a child came up with (e.g., the 
4-year-old stating confidently that 
trees make the wind blow), he asked 
the question: Why that particular 
wrong answer? What is the logic in 
the child's thinking that leads to that 
kind of explanation? 

In this sense, he saw these wrong 
answers not as random movements in 

but 



playing turtle: pretending to be the 
turtle and walking through a turtle- 
graphics procedure as the turtle might 
see it. This process can make fairly 
difficult geometric constructions 
transparent to young children with 
little or no formal training in geom- 
etry. Playing turtle, though, refers as 
much to the thinking through of a 
procedure before programming it as 
to walking through an existing pro- 
cedure. 

By way of example, some 10-year- 
olds were trying to figure out how to 
teach the turtle to make a circle. I sug- 
gested they play turtle. They con- 
cluded that if all they could tell the 
turtle was to go FORWARD and to 
turn, it would have to go just a little 
bit forward, turn a little, go a little bit 
forward again, turn a little again, and 
so on. After one kid had made it 
around the circle (one of the instruc- 
tions was "keep doing that until you 
get back to the beginning"), they were 
convinced they had the right idea. To 
help them with the details, I reminded 
them of the Total Turtle Trip Theo- 
rem and again encouraged them to 
play turtle. They began to reason out 
the details of how much to turn, how 
many times to repeat the process, and 
how big they wanted to make eacn 
step. 



i 



powerful ideas: Seymour Papert com- 




pares the Total Turtle Trip Theorem 
to "its Euclidean counterpart: (at least 
the context of Logo computers), 
e Total Turtle Trip Theorem is 
ore powerful: The child can actual- 
ly use it. Second, it is more general: It 
applies to squares and curves as well 
as to triangles. Third, it is more in- 
telligible: Its proof is easy to grasp. 
And it is more personal: You can 
'walk it through/ and it is a model for 
the general habit of relating mathe- 
matics to personal knowledge." (See 
Papert, page 76.) An idea that can be 
used in a variety of personally mean- 
ingful contexts, that can be thought 
through, and that is a model for dear 
thinking is certainly powerful. Other 
powerful ideas are state, recursion, 
and subproceduralization. 

primitives: the built-in procedures of 
Logo. Since Logo encourages pro- 
grammers to build their own proce- 
dures as chunks of larger projects, it 
is useful to have a term to refer to the 
indivisible chunks that Logo provides 
tially. 



problem solving: a skill that is at the 
core of Logo's "curriculum." Most 
traditional math instruction is about 
already-solved problems; the student 
memorizes someone else's techniques. 
Only recently have people under- 
stood that real mathematicians do 
something very different; they don't 
just study old problems, they solve 
new ones. Professor George Polya at 
Stafford University has been a 
pioneer in studying the techniques 
that good mathematicians bring to 
bear on new problems. Many ideas 
that are part of the Logo program- 
ming style parallel Polya's mathe- 
matical ideas. Most important, the 
use of procedures as building blocks 
for more complex procedures (as op- 
posed to writing one huge program 
without a layered structure) parallels 
Polya's strategy of dividing a large 
problem into smaller pieces. 

procedures: the conceptual building 
blocks of Logo programs. Logo users 
start with a vocabulary of primitive 
(built-in) procedures, and use them to 
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teach Logo new vocabulary that can 
then be used in all the ways that prim- 
itives are used. 

program: the Logo use of "program" 
is much more like the television use of 
it than of the usual computer use. A 
program is the whole show and may 
consist of a host of songs and dances, 
skits, acts, and routines. (But the 
word "routine" is not routinely used 
by Logophiles to mean a part of a 
computer program.) A person writes 
procedures. The top-level procedure 
runs a program that may be quite 
simple or may involve the use of 
several subprocedures. If it makes use 
of subprocedures, this top-level pro- 
cedure may be referred to as a super- 
procedure. 

programming: consider the following 
metaphors for programming: teach- 
ing turtle a new word; communicat- 
ing with the turtle; translating from 
English to French or Logo; or being 
fluent enough in a language to express 
oneself easily. 

prosthetic: one metaphor for the 
computer. As an artificial arm may 
help an amputee manipulate objects, 
so may an artificial piano player help 
one manipulate music. Because it is a 
versatile tool it can provide access to 
a large variety of inaccessible spaces 
and activities. The computer's use in 
musical composition and perfor- 
mance, graphics production (e.g., the 
special effects in a slew of recent 
television advertisements and in 
movies like Star Wars), and other 
areas are all extensions of human 
abilities— but extensions without 
which we are severely disabled in 
areas we now take for granted. It is 
merely a sociological and technolog- 
ical artifact that we regard as hand- 
icapped people who lack certain other 
abilities we take for granted. (For 
more on computers as aids to com- 
munication and autonomy for special 
education or rehabilitation, see 
Special Technology for Special 
Children.) 



QWERTY phenomenon: Papert uses 
this term to refer to traditions that cig 



themselves in after their original pur- 
pose, presumably a good one, has be- 
come obsolete. The name derives 
om the six top left-hand letters on a 
tandard typewriter keyboard. This 
arrangement of keys was chosen to 
slow down a typist so that the early 
manual typewriters would not readily 
jam. Attempts to convert to a more 
optimal arrangement of keys have 
routinely failed as people were used 
to doing things the old way. So, too, 
much of the curriculum survives 
primarily because it is familiar and 
not because it makes much current 




ion: a recursive definition de- 
fines a procedure or function in terms 
of itself. For example, a recursive 
definition of "factorial" states that 
01 = 1 and that ni - n*(n-l)l (See 
recursion.) A Logo program based on 
this definition might look like this: 



TO FACTORIAL :N 

IF :N « 0 OUTPUT 1 

OUTPUT :N ♦ FACTORIAL (:N - 1) 



A nonrecursive definition might say 
something like: 

n! — n*(n— l)*(n— 2)*(n-3)* 
...*3*2*1. 

(Compare the structures by writing 
the latter in BASIC.) Both definitions 
and programs work, of course, but 
which definition one chooses affects 
how one programs. In the case of 
"factorial," both definitions are easy 
to implement, but sometimes recur- 
sion is the only way. For more on 
recursion, see the section of Brian 
Harvey's article on page 166 in this 
issue of BYTE. 

sentence: in Logo, a sentence is a list 
of words. Logo provides tools to 
manipulate the words of a sentence. 
In most programming languages, one 
uses character strings instead of sen- 
tences; an English sentence becomes 
simply a bunch of symbols, some of 
which are letters and some of which 
are spaces. But those computer lan- 
guages don't help the programmer 
divide this uniform character string 



into words. Logo's approach is an ex- 
ample of the microworld influence in 
programming. 
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sprite: animation of graphics has long 
been a high priority in Logo im- 
plementations, but only recently have 
small computers gained the power to 
handle animations well (except, of 
course, for animations written effi- 
ciently in assembly language). Sprites 
may be thought of as screen objects 
with a defined appearance (color, 
shape, size, etc.) and a velocity. Both 
of these can be changed according to 
the wishes of the programmer. They 
"live" on different layers of the 
screen, as if they are on plastic 
overlays. Thus, a sprite defined as a 
picture of an elephant may roam 
through a forest of trees, passing 
behind some and in front of others. 
The Logo programmer does not have 
to attend to the hiding of lines when 
one sprite is partially occluded by 
another— that is handled automat- 
ically. In this way, complex anima- 
tions involving three-dimensional in- 
teractions of several screen objects 
can be as simple as drawing the ob- 
jects and instructing each on how it 
should move. 

state: the relevant properties of some- 
thing. For example, the state of the 
turtle includes its position and the 
direction in which it's pointing, but 
doesn't include any of its past history 
(such as the distance it has traveled). 
The criterion of relevance here is that 
the turtle's future behavior, in re- 
sponse to some Logo program, de- 
pends only on its current state and 
not on its past. (Of course, the turtle's 
state does reflect where it has been, 
but tells only part of the history and 
not all of it.) The isolation of only the 
important aspects of a situation is a 
valuable debugging tool. 

subprocedures: Logo encourages stu- 
dents to deal with large problems by 
dividing them into subprocedures. In 
a "long, featureless set of instructions 
it is hard to see and trap a bug. 3y 
working with small parts, however, 
bugs can be confined and more easily 
trapped, figured out." (See Papert, 
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page 102.) Logo's subprocedures are 
more than what one sees in carefully 
subroutinized BASIC. They become 
extensions to the language and can 
have meaningful names (see powerful 
ideas). For more on the distinction 
between subroutines and subproce- 
dures, see the section of Brian 
Harvey's article on page 163 in this 
issue of BYTE. 

teaching: what a person does to a 
computer. See learning. 




robot; (3) a creature that lots of peo- 
ple love even though the beast rarely 
does anything in anyone's presence. 

turtle geometry: a genuinely new 
mathematics based on turtle move- 
ments. It emphasizes transformations 
in local space rather than relation- 
ships to a fixed global referent. See 
local, Total Turtle Trip Theorem, 
and playing turtle in this glossary. 
For more about the mathematics at a 
college or advanced high school level 
see Abelson and diSessa's book. 



It's like having 
an extra port 

MFJ-1240 RS-232 TRANSFER SWITCH. Swit- 
ches computer between 2 peripherals (pnnter< 
terminal, modem, etc.). Like having extra port- 
Push button switches 10 lines (pins 2,3,4,5,6,8, 
11,15,17,20). Change plug or cable to substitute 
other lines. Push button reverses transmrt- 
receive lines. LEDs monitor pins 2,3,4 5,6,8,^. 
PC board eliminates wiring, crosstalk, linemter- 
ference. 3 RS-232 25 pin connectors. 7x2x6 in. 

to* MFJ-1108 AC POWER CENTER. 

1 Adds convenience, prevents data 
loss head bounce, equipment damage. 
Relay latches power off during power 
transients. MultMHters isolate equip- 
ment, eliminate interaction, noise 
hash. Varistors suppress spikes. 3 
isolated, switched socket pairs. One un- 
switched for clock, etc. Lighted power, 
reset switch. Pop-out fuse. 3 wire. 6 ft. 
cord. 15A, 125V, 1875 watts. Aluminum 
case. Black. 18x2 3 /4x2 in. MFJ-1107, 
$79.95. Like 1108 less relay. 8 sockets, 
2 unswitched. Other models available, 
write for free specification sheet. 

Order from MFJ and try it If not delighted 
return within 30 days for refund (less shipping). 
One year unconditional guarantee. 
Order yours today. Call toll free 800-647-1800. 

Charge VISA, MC. Or mail check, money order. 
Add $4 00 each for shipping and handling. 



CALL TOLL FREE . . . 800-647-1800 



Call 601-323-5869 in MS, outside continental USA 



Total Turtle Trip Theorem: when a 
turtle wanders over a path and ends 
up heading in the same direction as 
when it started, its total turning is an 
integer multiple of 360 degrees. Some 
special cases follow. If it wanders 
over a simple closed curve (a closed 
path that does not cross itself, like a 
polygon, a circle, or the oudine of a 
pond), it turns through exactly 360 
degrees. To figure out how much to 
turn at each point of a five-pointed 
star, play turtle (remember to end up 
heading the same way you started). 
How many full rotations do you 
make while walking over the star 
shape? (Two.) Therefore, you have 
turned 2*360 degrees in all. How 
much at each corner7 (A fifth of that.) 
Repeating [FORWARD 1 00 LEFT 2001 
enough times makes another kind of 
star. How many points does it have? 
What about the star made by turning 
80 degrees at each corner? See also 
turtle geometry. 

turtle: (1) a computer-controlled 
robot that has position and heading, 
each of which can be changed inde- 
pendently of the other. It is signifi- 
cant that these two components of the 
turtle's state are independent. Cars 
and trucks (and their remote-control 
toy versions) do not have indepen- 
dent control of heading and motion. 
Their inability to make sharp corners 
(no matter how good the turning 
radius) limits their usefulness in ar- 
tistic and mathematical realms. Also, 
because the interaction complicates 
thinking about their behavior, it is 
difficult to write programs to control 
them in any realms; (2) a graphic rep- 
resentation (typically, a pointy isos- 
celes triangle) of such a physical 



turtle graphics: the graphics you 
know and love— the graphics com- 
mand system that has crept into 
several other computer languages 
(I've seen it in some Pascal implemen- 
tations and even a version of BASIC) 
originated with Logo. See FORWARD, 
Logo, and turtle. 

word: the simplest form in which 
Logo stores data, a word is an un- 
broken string of characters (typically 
alphanumerics, but capable of being 
constructed to contain any characters 
including spaces or control charac- 
ters, when that is desired). Words can 
be concatenated into larger words, 
dissected into parts, and used as ele- 
ments of lists. Numbers, single char- 
acters, and character strings are all 
treated as words by Logo. 



workspace: a Logo workspace may 
be thought of quite concretely as if it 
were a kitchen, basement, or art- 
studio workspace: a place where one 
can set out one's materials and begin 
to work. The Logo workspace con- 
tains all the procedures and data ob- 
jects the programmer is currently 
using, which can be saved in whole or 
in part on files for use at a later date. 
Retrieving the contents of a file plac-s 
its contents into the workspace, is 
does defining a new procedure r 
data object. Pictures or text that are 
on the screen are not part of the com- 
puter's internal workspace any mere 
than pictures drawn by a robot turrie 
on the floor are part of that work- 
space. (Nevertheless, many imp e- 
mentations of Logo make it possirie 
to save screen graphics on a file and 
retrieve that file to the screen.)* 



The Case Against Pilot 

The Pros and Cons 
of Computer-Assisted 

Instruction Languages 
and Authoring Systems 



The advent of low-cost microcomputers 
has created a new surge of interest in 
educational applications in the computer. 
This new interest is creating a growing 
demand for quality computer-assisted 
instruction (CAD courseware. Most micro- 
computers which have been introduced 
in the last few years come with Basic, a 
general purpose language. Although Basic 
is considered to be a beginner's language, 
many feel that it is impractical to expect 
teachers, with no computer experience, 
to learn Basic in order to develop CAI 
courseware. 

Since the advent of CAI many individuals 
and organizations have attempted to 
develop specialized computer languages 
which would enable instructors with little 
computer background to develop CAI 
courseware. These attempts have fostered 
such CAI languages as Coursewriter. Planit, 

Tutor and Pilot. 

In an effort to get even further away 
from computer languages, others have 
developed authoring systems such as Ticcii 
^MLand Bell and Howell's recently introduced 
w C ourseware Development System for 
^^^microcomputers. 

These authoring systems may be distin- 
guished from CAI languages by their lack 
of operation or command statements and 
their use of built-in logic and presentation 

Dr Paul Mernil. College of Education, Instructional 
Science Dept.. W-160 STAD, Brigham Young 
University, Provo, UT 84602. 
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forms or files. Rather than putting together 
a series of commands, the author fills in 
presentation forms such as rules, questions, 
examples, possible answers, feedback, 

helps, etc. 

CAI languages and authoring systems 
may simplify the author's task by using 
one or more of the following techniques: 
1) Reduce the domain of possible com- 
mands and strategies; 2) Provide commands 



The simplicity of Pilot 
was achieved by 
reducing the number of 
commands in the 
language. 



and strategies which meet the specific 
needs of instructional applications; 3) 
Provide commands or routines which 
perform higher level tasks. Most of the 
languages and systems mentioned above 
use a combination of these techniques. 
However, some languages emphasize one 
technique over another. 



Pilot 

One of the first special purpose CAI 
languages available for microcomputers 
was Pilot (Apple Computer Inc. recently 
announced Pilot for the Apple II). Pilot 
has gained popularity because it is relatively 
easy to learn and is designed specifically 
for educational applications. 

The simplicity of Pilot was achieved by 
reducing the number of commands in the 
language. Most versions of the language 
have approximately ten commands. Some 
of the more powerful versions have several 
additional commands for graphics, tone 
generation, and special functions. The 
principle commands in Pilot include: Type; 
Accept, Match, Compute, Jump, and 
Use. 

The Type command provides for the 
display of text and values of numeric and 
string variables on the screen. The Accept 
instruction causes the computer to pause 
and wait for the student to enter a response. 
The response is edited according to 
specified rules and stored in a system 
variable. The response may then be com- 
pared with possible correct and incorrect 
answers supplied by the author using the 
Match command. 

The Compute command provides for 
the assignment of numeric and string values 
to variables and the evaluation of arithmetic 
expressions. The Jump instruction enables 
the sequence of command execution to 
be altered by branching to a specified 
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Pilot, continued. 



Table 1. Comparison of Commands. 



Pilot 

R: THIS IS A REMARK 

T: GOOD, SNS , YOU SCORED #T 

A: BS 

m RED I BLUE&GREEN 
J : LABEL 
JY: LABEL 

TN: SORRY, THE ANSWER IS $A$ 





U(T>13): 
E: 

c . x«4«B+3 
D: W(20,15) 



REM THIS IS A REMARK 
PRINT "GOOD, «;NS;« . YOU SCORED •;" 
INPUT BS . 

CAS--REDIBLUE&GREEN-: GOSUB 10 

GOTO 500 
IF Y THEN 500 

IF N THEN PRINT "SORRY, THE ANSWER 

IS ";AS 
IF T> 13 THEN GOSUB 800 

RETURN 
X * 4«B+3 
DIM 11(20,15) 



(•THIS IS A REMARK*) 

WRITELN ('GOOD, 1 ,NAME, 1 , YOU 



SCORED ',T> 



READLN (B) 

MATCH ('REDIBLUE&GREENM 
GOTO LABEL 
IF Y THEN 

IF N THEN WRITELN ( 'SORRY, THE ANSWER 

IS »,A) 
IF T>13 THEN PROCEDURENAME 

END 

X:«4*B+3 

TYPE W-ARRAY IW*20,U.151 OF REAL 



location in the program. The Use command 
provides for the execution of sub- 

When writing a Pilot program the 
command names described above are 
abbreviated to one letter (See thefirst 
column of Table 1 for examples). These 
commands may be followed by a character 

• 



or an expression which serves as a modifier 
or conditioner of the command. A modifier 
character changes the nature of the 
command. For example, an S following 
the Match command allows for one-letter 
misspelling when comparing the student s 
answer to the author's answer. A condi- 
tioner character or expression causes the 



command to be skipped unless the specified 
condition is met. For example, a Type 
command followed by a "V will only be 
executed if the previous match was suc- 
cessful (the student's answer matched the 
author's answer). 

The command and optional moditier 
and/or conditioner must be followed by a 
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Pilot, continued... 
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colon. The colon may be followed by 
ppropriate parameters such as the author s 
answers to be matched, the expression to 
be evaluated, etc. Examples of these 
features may be found in the first column 

of Table 1. 

A CAI language such as Pilot which 
tries to simplify the courseware author's 
task by reducing the number of commands 
in the language has a significant liability. 
The restriction in the domain of commands 
creates a restriction in the range of possible 
outcomes or applications. 

Several versions of Pilot written in other 
high level languages such as Basic expanded 
the domain of the language by allowing 
instructions from the host language to be 
included in a Pilot program by embedding 
them as parameters into Pilot Compute 
commands. The severe liability inherent 
in the limited Pilot commands became 
very evident to the author while reviewing 
the code for a Pilot program where almost 
one-half of the program statements were 
Compute commands which used instruc- 
tions from the host language. 

The original version of Pilot developed 
at the San Francisco Medical Center had 
such a restriction of domain and range 
that many institutions began developing 
extensions to the language. Attempts have 
been made to standardize these extended 
features into a version called Common 
Pilot. However, many of the extended 
features of Common Pilot are merely 
adaptations of commands available in other 
high level languages. The Apple version 
of Pilot has been further extended to 
include graphics and sound editors. 

The principle reason for selecting Pilot 
over other, more powerful, general purpose 
languages such as Basic or Pascal seems 
to be the ease with which it can be learned. 
However, this reasoning may be some- 
what fallacious. Table 1 lists the principle 
commands available in Pilot along with 
corresponding commands in Basic and 
Pascal which perform similar functions. 
This comparison reveals that a subset of 
Basic or Pascal which matches the domain 
of Pilot commands could be learned just 
as easily. However, the more powerful 
languages offer the advantage of additional 
capabilities when the author is ready to 
go beyond the minimal subset. If an author 



begins by learning Pilot and then desires 
greater power, he must then scrap Pilot 
and begin learning a new language. Why 
not begin with a powerful language in the 
first place? 

Although Table 1 shows that a subset 
of Pascal would be just as easy to learn as 
Basic or Pilot, a word of caution is in 
order. Most textbooks and manuals on 
Pascal currently available do not begin 
with a simple subset of Pascal that can be 
easily learned. Rather than beginning by 
showing how commands can be used in a 



The very nature of the 
principal Pilot 
commands strongly 
encourages novice 

programmers to use a 
mediocre strategy. 



simple, straightforward fashion, most 
authors try to present commands in their 
total complexity. The Pascal language is 
also embedded in a powerful but complex 
operating system which includes a text 
editor and file handler. In order to program 
in Pascal successfully, an author must also 
learn how to use the Pascal operating 
system. 

In addition to simplifying the author's 
task by reducing the domain of commands, 
Pilot also includes commands designed 
specifically for instructional applications. 
This technique is clearly laudable and is 
obviously necessary in any effort to tailor 
a computer language for courseware 
development. However, when this 
approach is coupled with a restriction in 
the domain of commands, additional 
liabilities are incurred. The majority of 
the commands may be tailored to specific 
instructional needs while more general 
purpose commands are excluded. Often 
the specific commands selected are chosen 
based on an implied instructional strategy. 



Table 2. 



1 . Present information 

2. Ask questions 

3. Accept student response 

4. Check for correct answer 

5. Give appropriate feedback 

6. Branch to next segment 



Pilot Commands 

T: Information 
T: Question 

A: 

M: Correct Answers 
TY: Very Good 
TN: Sorry, that's wrong 
JY: Next 



The availability of this set of commands 
and the exclusion of more general com- 
mands inadvertently requires authors to 
use a particular strategy and further limits 
the range of possible applications. 

Several CAI languages, including Pilot, 
include a set of commands which foster a 
tutorial or dialogue CAI instructional 
strategy. A tutorial strategy includes a 
repetitive sequence of the instructional 
elements or frames listed in Table 2. 
This particular strategy is advocated by 
some because of its similarity to a strategy 
that might be used by an instructor tutoring 
a student one-on-one. If the segment to 
which a program branches is made condi- 
tional on the student's response then the 
instruction can be customized to the needs 
of each student. 

Although such a strategy sounds great, 
in practice it is generally just plain boring. 
Often the questions asked merely require 
the student to copy words or data presented 
in the previous information frame. In fact, 
one could argue that the resulting CAI 
program is little more than a fancy and 
expensive page turner. The same strategy 
could be successfully implemented using 
a branching program text. 

Obviously Pilot does not force an author 
to use a poor tutorial strategy. It is possible 
to implement other types of strategies 
using Pilot. One can also develop more 
creative tutorial programs. However, the 
very nature of principal Pilot commands 
strongly encourages novice programmers 
to use a mediocre strategy. 

One of the main advantages of Pilot is 
the provision of the high level command 
Match. The Match command allows a 
Pilot program to perform moderately 
sophisticated natural language processing. 
Students may enter free form answers 
which can be successfully analyzed by 
the Match command. Many general pur- 
pose languages such as Basic, APL and 
Pascal do not have a comparable com- 
mand. The author must write special 
subroutines or procedures to perform 
similar functions. (See Table 1.) 

All computer languages provide a set 
of basic or primitive commands which 
can be used to define and perform a higher 
order function. A set of computer com- 
mands organized to perform a specific 
function is often referred to as a program. 
Most languages also allow such a set of 
commands to be defined as a subroutine 
which can be called from different places 
in a main program. 

These subroutines can subsequently be 
used as higher order commands to perform 
complex functions which cannot be per- 
formed by a single primitive command in 
the language. Such higher order commands 
can greatly simplify the author's task while 
simultaneously providing greater power. 
Although Pilot and Basic provide for 
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the specification and calling of subroutines, 
this capability is severely limited. Many 
pons of Basic refer to subroutines by 
Iber. which reduces the readability of 
program. 

Neither Basic nor Pilot provides for the 
passing of parameters from the main 
program to the subroutine. This makes it 
nearly impossible to develop subroutines 
which are truly modular. They cannot be 
used as a black box and plugged into any 
program without revision. Thus they are 
not very useful as higher order commands 
to an author who is not familiar with their 
internal workings. The variables in the 
subroutines are not local to the subroutines 
and thus may affect variables elsewhere 
in the main program. This can create 
bugs in the program which are difficult to 
find and correct. 

On the other hand languages such as 
Pascal, APL, Logo and the new Actor 
languages such as Smalltalk provide for 
truly modular subroutines. Variables can 
be made local to a subroutine. Once such 
subroutines have been developed and 
verified to perform a function, they can 
be used as higher order commands without 
regard to their internal operations. 

Pascal even allows for such subroutines 
to be placed in a system library and 
^^Dsequently linked into any program with 
%gyigle command. Such capabilities make 
it possible to extend a language and tailor 
it to meet specific needs. As mentioned 
<*arlier, defining higher order commands 
in this way simplifies the author's task 
while at the same time providing greater 
capacity. 



Authoring Systt 

Authoring Systems have been developed 
in an attempt to overcome the problem 
of having to learn a computer programming 
language. This is generally accomplished 
by separating the logical sequencing and 
the control of the computer program from 
the instructional content. The logical 
sequencing of instructional frames or the 
instructional strategy is preprogrammed 
into the authoring system. The author is 
therefore relieved from worrying about 
rhe logic and strategy of the courseware 
and may concentrate on the content of 
the instructional frames. The authoring 
system provides the author with a template 
in which to place the content to be pre- 
sented. 

For example, in the Bell and Howell's 
Genis Courseware Development System 
author merely enters the text for 
entation frames, question frames, 
correct answers, incorrect answers, feed- 
back messages for each alternate answer, 
etc. The author is prompted by Genis to 
enter each item of information. The 
sequence and instructional logic is auto- 
matically built into the system. 



Authoring in the Ticcit system is slightly 
more complicated, but the resulting course- 
ware is more flexible. Ticcit was designed 
based on the philosophy of learner control. 
When students interact with a completed 
Ticcit lesson, they are given control over 
the content and sequence of the instruc- 
tional segments they study. 

The desired presentation form is selected 
when the student presses special learner 
control keys on the keyboard. These keys 
are labeled: Objective, Rule, Example, 
Practice, Help, Map, Advice, etc. Thus, 
if students press the key labeled Practice, 
they will receive a practice item. If they 
press Advice, they will receive guidance 
on what to do next. The map provides a 
table of contents in diagram form showing 
the hierarchical relationship between 
lessons. Students may select a different 
lesson segment when the map is dis- 
played. 



Authoring systems 
reduce cost and effort 
by reducing variety in 

much the same way 
that cost and effort are 

reduced in fast food 
restaurants. 



Ticcit provides several packaging 
routines which allow an author to type in 
content for the rules, examples, practice 
items, etc. that will make up a lesson. As 
with Genis, the Ticcit system automatically 
takes care of the storage and retrieval of 
the various presentation form files. Thus 
the author does not have to worry about 
the computer logic required to display 
the appropriate instructional frame or 
presentation form when students press 
one of the learner control keys. 

Authoring systems such as Genis and 
Ticcit simplify the author's task by using 
all three techniques listed earlier: very 
high level routines are built into the system 
to control the logical sequencing of the 
instruction; this logical sequencing is 
designed according to an instructional 
strategy which meets the specific needs 
of certain instructional applications; and 
the domain of possible strategies is 
obviously reduced. 

Authoring systems reduce cost and effort 
by reducing variety in much the same 
way that cost and effort are reduced in 
fast food restaurants, tract homes and 
formula television shows. 



With Ticcit and Bell and Howell's 
Courseware Development System the 
author is given a template to use. Although 
the template greatly simplifies the task, it 
forces the author to turn out courseware 
which conforms to the template. Such 
templates can have the effect of enhancing 
the quality of the courseware produced 
by the novice, while restricting the quality 
of the courseware produced by a creative 
author. The general quality of the course- 
ware produced is dependent on the quality 
of the template. 



•Authoring systems or languages allow 
authors to turn out respectable courseware 
using a specific template. However, authors 
must recognize the limits of the template, 
and not try to force all instruction to fit 
the template. The use of templates would 
be more acceptable if a variety of templates 
were provided for the different types of 
learning. 

•C AI languages should not reduce the 
domain of commands. Beginning authors 
should initally be taught a simple subset 
of a language which will allow them to 
begin writing simple programs quickly. 
However, they should then have the option 
to learn additional commands which will 
give them additional capabilities and allow 
them to develop more sophisticated course- 
ware. 

•C AI languages should not be restricted 
to commands developed specifically for 
certain types of instructional applica- 
tions. 

•Experience in developing CAI course- 
ware and in training students to develop 
courseware has shown that authors very 
quickly reach the limitations of whatever 
language they are using. They then clamor 
for additional capabilities. 

•CAI languages should provide for the 
straightforward development and use of 
higher order commands which increase 
the power of the language but do not 
exclude elementary operations. 

•The best language might be a general 
purpose language, which provides great 
flexibility, with the provision of higher 
order commands for instructional applica- 
tions. 

•When possible, subject matter experts 
with little computer experience should 
team up with programmers who have had 
considerable experience programming in 
a sophisticated language. 

As microcomputers invade the home 
and classrooms the need for large quantities 
of quality courseware will become acute. 
It is imperative that authors select an 
appropriate tool to maximize their produc- 
tivity and the quality of their courseware 
products. Care must be exercised to avoid 
selecting tools which will sacrifice quality 
for quantity. □ 
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